UNESCO Recommendation on Science and Scientific Researchers
and the United States
An Analysis of Key Themes
August 2022
Jessica Wyndham, Nathaniel Weisenberg, Catherine A. McCarty, Gretchen T. Goldman,
Matthew Brown, and Jason Borenstein

1

Acknowledgements
This report was authored by:
Jessica Wyndham (Program Director, AAAS Scientific Responsibility, Human Rights and Law
Program1)
Nathaniel Weisenberg (Senior Program Associate, AAAS Scientific Responsibility, Human Rights
and Law Program)
Catherine A. McCarty (Associate Dean of Research, University of Minnesota Medical School,
Duluth)
Gretchen T. Goldman (Research Director, Center for Science & Democracy, Union of Concerned
Scientists2)
Matthew Brown (Director, Center for Values in Medicine, Science, and Technology, The
University of Texas at Dallas)
Jason Borenstein (Director of Graduate Research Ethics Programs, Georgia Institute of
Technology)
The report was developed following an initial consultative meeting involving the following
experts in areas related to responsible research and innovation and the scientific enterprise in
the United States: Michael Best; Jason Borenstein; P.J. Brooks; Matthew Brown; Clifford Duke;
Sujata Emani; Mike German; Gretchen Goldman; Francesca Grifo; Samira Kiani; Frederick Kronz;
Amy Kullas; Jennifer Kuzma; Amy Lyons; Cathy McCarty; Kathryn Partin; Eliza J. Reilly; David
Resnik; Daniel Sarewitz; and Michael Webber. The authors acknowledge the contributions of
the consultative group in identifying the key themes for consideration in the report and for
their review and critique of the original draft report.
The authors also wish to acknowledge Gordon Dalton (University of College, Cork, Ireland), Eric
Jensen (University of Warwick, UK), April Tash (UNESCO), Joanne Carney (AAAS), Erin Heath
(AAAS), Shirley Malcom (AAAS), Suzanne Thurston (AAAS), and Travis York (AAAS) for their
guidance and input into the development of this report. The authors also thank P.J. Brooks
(National Center for Advancing Translational Sciences, NIH) for helpful discussions regarding
scientific reproducibility.
Finally, the work described in this publication has received funding from the European Union’s
Horizon 2020 research and innovation program under grant agreement No. 788503.
Disclaimer

1

Jessica Wyndham's role as co-author of this report took place when she was Program Director of the AAAS
Scientific Responsibility, Human Rights and Law Program, a position from which she resigned in December 2021.
Her continued involvement in this work has been in an individual capacity.
2
Goldman contributed to this report during her time at the Union of Concerned Scientists, from which she went on
leave in July of 2021. Her continued involvement in this work has been in an individual capacity.

2

AAAS served as the facilitator of this report. The opinions, findings and conclusions or
recommendations expressed in this publication do not necessarily reflect the views of the
authors’ home institutions.
Contact
The authors welcome comments and questions regarding their work. Please send information,
suggestions, and any comments to Nate Weisenberg (nweisenberg@aaas.org).
Cite as
Wyndham, J., Weisenberg, N., McCarty, C., Goldman, G., Brown, M., and Borenstein, J. 2022.
UNESCO Recommendation on Science and Scientific Researchers and the United States: An
Analysis of Key Themes. https://doi.org/10.1126/aaas.ade8203

3

Table of Contents
INTRODUCTION

6

UNESCO RECOMMENDATION ON SCIENCE AND SCIENTIFIC RESEARCHERS
THE RECOMMENDATION AND THE UNITED STATES
PROCESS AND SCOPE
CONTEXT

6
7
7
11

1. SCIENCE AND SOCIETY

12

PUBLIC ENGAGEMENT IN SCIENCE
SCIENCE FOR SOCIETY

12
14

2. SCIENCE IN NATIONAL POLICY AND DECISION-MAKING

18

TRUST IN SCIENCE
INDEPENDENT SCIENCE

18
22

3. SCIENCE AS A COMMON GOOD

25

OPEN ACCESS AND OPEN DATA

25

4. INCLUSIVE AND NON-DISCRIMINATORY WORK AND ACCESS TO EDUCATION

27

DIVERSITY, EQUITY AND INCLUSION (DEI) IN THE STEM WORKFORCE
ACCESS TO QUALITY STEM EDUCATION
SCIENTIFIC LITERACY/PUBLIC UNDERSTANDING OF SCIENCE

27
35
46

5. FREEDOMS, RIGHTS, AND RESPONSIBILITIES OF RESEARCHERS

50

REPRODUCIBILITY
BIAS
SCIENTIFIC INTEGRITY
QUALITY SCIENCE

51
54
55
60

APPENDIX A: LIST OF RECOMMENDATIONS

63

PUBLIC ENGAGEMENT IN SCIENCE
SCIENCE FOR SOCIETY
TRUST IN SCIENCE
INDEPENDENT SCIENCE

63
63
64
64

4

OPEN ACCESS
DIVERSITY, EQUITY AND INCLUSION (DEI) IN THE STEM WORKFORCE
ACCESS TO QUALITY STEM EDUCATION
SCIENTIFIC LITERACY/PUBLIC UNDERSTANDING OF SCIENCE
REPRODUCIBILITY
BIAS
SCIENTIFIC INTEGRITY
QUALITY SCIENCE

64
65
65
65
66
66
67
67

APPENDIX B: UNESCO RECOMMENDATION ON SCIENCE AND SCIENTIFIC RESEARCHERS

68

REFERENCES

86

5

Introduction
UNESCO Recommendation on Science and Scientific Researchers
On 13 November 2017, the 39th General Conference of the United Nations Economic, Social and
Cultural Organization (UNESCO) adopted the Recommendation on Science and Scientific
Researchers (2017). The Recommendation is a non-binding document that is intended to codify
the goals and values by which science and scientists should operate. It also articulates how
these need to be supported and protected through national science, technology, and
innovation policies and infrastructure. Finally, the Recommendation addresses how the
knowledge generated by science in all fields should be applied.
The Recommendation supersedes an earlier version that dated back to 1974. The motivation
for revising the 1974 document was to “reflect the contemporary ethical and regulatory
challenges relating to the governance of science and science-society relationship.” Among the
contemporary issues that UNESCO recognized as needing to be incorporated into the updated
Recommendation were gender equity, public participation in science, the internationalization
of research, new methods for dissemination of scientific information, and the growing
dominance of industry and commercial enterprises in science (AAAS, 2014).
UNESCO has developed a summary of the Recommendation, distilling the content of the
Recommendation into “10 key areas.” According to this summary, the Recommendation:
1. underlines the responsibility of science towards the United Nations’ ideals of human dignity,
progress, justice, peace, welfare of humankind and respect for the environment;
2. emphasizes the need for science to meaningfully interact with society and vice versa;
3. recognizes the role of science in national policy and decision-making, international
cooperation and development;
4. promotes science as a common good;
5. calls for inclusive and non-discriminatory work conditions and access to education and
employment in science;
6. emphasizes that any scientific conduct is subject to universal human rights standards;
7. balances the freedoms, rights and responsibilities of researchers;
8. calls for scientific integrity and ethical codes of conduct for science and research and their
technical applications;
9. recognizes the vital importance of human capital for a sound and responsible science system;
and
10. stresses the role of Member States in creating an enabling environment for science and
research.
A significant addition in the 2017 Recommendation is the inclusion of a reporting mechanism.
Every four years, the UNESCO Secretariat is charged with collecting information from UNESCO
Member States and other relevant partners, to use the information gathered to monitor
6

implementation of the Recommendation, to identify good practices, and suggest steps to
improve implementation.

The Recommendation and the United States
UNESCO was created in 1945 for the purpose of contributing to “peace and security by
promoting collaboration among the nations through education, science and culture.” States
that are members of the United Nations (UN) are eligible to also become Members of UNESCO.
The United States (U.S.) joined UNESCO at its founding. Indeed, Archibald MacLeish, a U.S.
member of UNESCO’s governing board at the time, wrote the preamble to the UNESCO
Constitution. In 1984, however, the U.S. withdrew from the organization because of what is
described by the U.S. State Department as “a growing disparity between U.S. foreign policy and
UNESCO goals” (State Department, 2011). The U.S. rejoined the organization in October 2003.
In announcing the decision to rejoin UNESCO, President George W. Bush stated, “As a symbol of
our commitment to human dignity, the United States will return to UNESCO. This organization
has been reformed and America will participate fully in its mission to advance human rights and
tolerance and learning” (State Department, 2011).
In 2011, when UNESCO elevated Palestine to Member status, the U.S. under the Obama
administration stopped paying its membership dues to UNESCO in protest. In 2017, Rex
Tillerson, then Secretary of State under President Trump, announced the decision to withdraw
from UNESCO and that decision came into effect on 1 January 2019. In total, 193 countries are
currently Members of UNESCO. The United States remains outside the organization.
The United States was a member of UNESCO at the time of the review and revision of the
Recommendation (1974). As part of the General Conference, the United States voted in favor of
adoption of the Recommendation. Because the United States is not currently a Member of
UNESCO, however, it is not bound by the reporting requirements of the Recommendation.
Nonetheless, the UNESCO Recommendation articulates global standards that can serve as a
guidepost for the U.S. scientific community, for policy makers, funders, and scientists
themselves. It is in that spirit that the American Association for the Advancement of Science
(AAAS), with leadership and guidance from UNESCO together with a European consortium of
institutions committed to responsible research and integrity, undertook a preliminary review of
implementation of the Recommendation in the context of the United States.

Process and Scope
AAAS is the world’s largest multidisciplinary scientific membership organization and publisher
of Science and the Science family of journals. The organization seeks “to advance science,
engineering, and innovation throughout the world for the benefit of all people.” Goals it
pursues in fulfillment of that mission include promoting and defending the integrity of science
and its use, promoting the responsible use of science in public policy, strengthening and
7

diversifying the science and technology workforce, and increasing public engagement with
science and technology. It is within that context that AAAS became part of RRING—Responsible
Research and Innovation Networked Globally. RRING, which is funded by the European Union,
aims to make research and innovation systems everywhere more responsible, inclusive,
efficient, and responsive as an integral part of society and economy. RRING is supporting initial
efforts to monitor implementation of the Recommendation through several case studies,
including in the U.S.
The goal of the process was to assess the U.S. scientific enterprise as it relates to the UNESCO
Recommendation on Science and Scientific Researchers. Given that the U.S. is not a Member of
UNESCO, this report is not an official report but could serve as a model for U.S. consideration of
its policies and practices with regard to science and scientific researchers, with the potential to
inform similar assessments in the future in the event that the U.S. rejoins UNESCO.
The report development process began in September 2020, with a consultative meeting of 19
individuals drawn from academia, civil society, industry, and government. Those invited to join
the consultative meeting were asked to join based on their knowledge of and/or experience in
addressing scientific responsibility. Meeting participants received an introduction to the
Recommendation and were given the opportunity to familiarize themselves with the ten key
areas for monitoring the Recommendation. The goal of that meeting was to begin to narrow
the focus from the ten key areas to identify those most salient in the U.S. We also aimed to
identify a Drafting Group whose task it was to draft this report by gathering and analyzing the
data necessary to substantiate conclusions in the report. It was our intention that the Drafting
Group have broad representation among the stakeholder groups participating in the
consultative meeting.
During the consultative meeting, participants were asked: What are the three top things you
would change about the U.S. scientific enterprise today if you could? The following word cloud
illustrates the responses given.
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Figure 1.

Following lengthy and detailed discussion, the group coalesced around four clusters of topics of
particular importance to the scientific enterprise in the United States relating to responsible
research and innovation:
1. Equity, diversity and inclusion;
2. Politicization of science, science-based decision making, political pressure in and on science;
3. Science for society, public engagement in science, social impact of science, trust, and science
communication; and
4. Ethics, integrity, reproducibility, and bias.
The approach to be taken in this report was always intended to be one driven by data. As a
result, the consultative group considered the data that were currently available to elucidate
their concerns as articulated in Figure 1. Responses included the following:
- “scientists do not look like population at large”;
- “political manipulation of science”;
- “relatively low percentage of women/persons of color in STEM (at least in some fields)”;
- “surveys of misconduct”;
- “lack of reproducibility in publications”;
- “peer review process for scientific publication is lengthy, biased. A paradigm shift needs to
happen”; and
- “extreme polarization around climate science, vaccines, race, gun control.”
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Finally, considering any data gaps, participants were asked to suggest additional tools that
could be used to collect data relevant to the concern they raised. Examples included the
following:
- “Network analysis”;
- “Faculty surveys and case studies”;
- “Common tools for institutional reporting of integrity issues”; and
- “Survey of journal editors and their biases.”
From among consultative meeting participants, six experts volunteered to contribute to draft
the report, together with two members of AAAS staff. Due to reasons beyond their control, two
of the experts had to pull out before drafting began. The experts and staff identified among the
topics highlighted by the consultative meeting participants those in which they had expertise
and wanted to serve as lead author. A template structure was prepared for each section,
emphasizing the section or sections of the UNESCO Recommendation of relevance to the
specific topic, the data available to address the topic, an analysis of those data, and
recommendations directed primarily to the government. The reason for the government focus
is the multilateral context of the UNESCO Recommendation and because, if the U.S. rejoins
UNESCO in the future, any report submitted by the government in accordance with the
Recommendation’s reporting mechanism would similarly be focused on government policies
and programs.
Following the completion of a full draft report, the consultative group reviewed the document,
identifying additional topics for inclusion and making suggestions for edits to both the body of
the text and recommendations. An additional co-author joined the drafting group bringing
expertise in some of the areas identified. That revised document was then reviewed again by
the consultative group, and by additional staff at AAAS with expertise in discrete topics
addressed in the report, before being finalized and disseminated.
Scope
This report does not aim to address every topic included in the UNESCO Recommendation.
Rather, the report offers a snapshot of some of the more pressing areas for attention in the
current U.S. context as identified by the consultative group. Furthermore, in the course of its
process, the drafting group identified that several of the key topics highlighted by the
consultative group were of relevance to a number of the UNESCO Recommendation provisions
and that the “10 key areas” did not always address discrete topics but overlapped in significant
measure. Finally, several of the topics identified by the consultative group as being of
importance suffer from an almost complete or relative dearth of data. The result is that some of
the topics addressed draw from a wealth of rich data and others reflect a greater reliance on
literature and commentary.
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Finally, in this report, the authors use the terms “science,” “scientist” and “scientific” to
encompass the life, physical, behavioral and social sciences, as well as mathematics and
engineering.
Recommendations
As a general recommendation addressed to the government, but also interested academics and
scientific organizations, we propose the following:
1. identify the data necessary to establish benchmarks and measure progress in each of
the key areas of the UNESCO Recommendation; and
2. establish mechanisms for addressing any current data gaps.

Context
The preparation of this report occurred during an administration that was unprecedented in its
overt attacks on science and scientists. Drafting began immediately before a national election
that resulted in a change of administration, during a global pandemic, and amidst the largest
protests for racial justice in generations. As such, science and scientists, their role in society, the
trust that society has (or does not have) in science, and the role and responsibilities of scientists
in meeting societal challenges were recurring themes in the national discourse.
In 2018, the Union of Concerned Scientists conducted an analysis of the forms and breadth of
political interference in science and science policy over the course of multiple government
administrations of both parties dating back to the 1950s. While recognizing the ebbs and flow
of government interest in, fidelity to and support of science over this period, the analysis
concluded that “the Trump administration’s actions reflect a new evolution and escalation of
patterns we have already seen. In some cases, the administration’s actions can be considered
unprecedented” (Berman & Carter, 2018, p. 18). One significant and direct by-product of these
actions has been the galvanizing of the scientific community to advocate and to engage more
actively in policy fora (Fisher, 2018). That engagement has not only been directed toward
government, but also inwardly.
The broad social movement encapsulated by the hashtag #MeToo sparked #STEMToo (STEM =
science, technology, engineering and mathematics) discussions about gender-based
harassment in STEM and what should be the role of the scientific community and scientific
establishments in response, including within universities, disciplinary societies, and among
other leading voices in the scientific community. Similar conversations were sparked in 2020
when the diversity conversation within the scientific community expanded to shed light on
systemic racism. Initiatives such as #ShutDownSTEM called for action to eliminate systemic
anti-Black racism in the sciences, and highlighted the unequal access to scientific education and
employment for women and members of minority groups. It is inevitable that the content of
this report was crafted through these contextual lenses.
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1. Science and Society
Public engagement in science
The UNESCO Recommendation
Public engagement in science can mean different things and take multiple forms. The UNESCO
Recommendation recognizes that all members of the public should have an equal opportunity
to receive “initial education and training needed to qualify for research and development
careers” (Recommendation III, 13(a)). Scientists are viewed as having a responsibility to
enhance “their fellow citizens’ well-being” (Recommendation IV, 16(a)(iv)). The public are
recognized as investing in science through taxes that serve as an important source of funding
for research, just as “public trust and support for sciences throughout society”
(Recommendation II, 5(c)) are acknowledged as being vital to a robust scientific ecosystem.
Access by the public to the results of science is recognized as vital (Recommendation IV,
16(a)(v)).
A significant element of public engagement in science that is not emphasized within the
Recommendation but which forms an important component of “public engagement” is public
participation in science, that is, engagement of individuals and/or communities in the doing of
science, from contributing to the articulation of research questions to helping formulate
research design to participating in the research itself. As such, the conceptualization of
“science” reflected in the Recommendation is one narrowly defined as involving formally
trained scientists to the exclusion of “citizen scientists.” In contrast, General Comment 25 of the
UN Committee on Economic, Social and Cultural Rights in its elaboration of the meaning of the
right to science recognizes as a core component of the right citizen participation in scientific
activities (United Nations, 2020). Recommendation IV.20(c) recognizes such citizen
participation in a strictly limited context—international research involving human subjects—in
the context of which the Recommendation recognizes the value of communities concerned
with the subject matter of the research participating in collaborations to define the benefits of
the research and access the results.
Given the significance of citizen science as a still emerging area of scientific practice, and the
multiple benefits of citizen science, including to improve science literacy (Bonney et al., 2015),
it is that element of public engagement in science that is the focus here.
A Note about Data and Definitions
The Crowdsourcing and Citizen Science Act of 2016 (15 USC 3724) encourages federal agencies
to use crowdsourcing and citizen science, where appropriate, to enhance research, education,
monitoring, and program operations (Office of Science and Technology Policy (OSTP), 2019).
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Data Findings
A report from OSTP that included a review of activities that were directly undertaken by federal
agencies (which does not include citizen science funded through grants) in fiscal years 2017 and
2018 revealed more than 700,000 participants across 18 active crowdsourcing and citizen
science activities. Most activities were online, allowing access from anywhere in the U.S. This
report will serve as a baseline to track projects and citizen engagement in science over time. A
useful adjunct would be the compilation of citizen science activities that are funded by federal
agencies through grants and contracts.
Analysis
Besides the required tracking of federally led citizen science activities as part of the
Crowdsourcing and Citizen Science Act of 2016, there is no central repository of citizen science
activities in the U.S., of which there are a large number in a wide variety of areas, including
environmental and biological monitoring. One example is the annual Christmas Bird Count,
which is sponsored by the non-profit National Audubon Society (National Audubon Society,
n.d.). CitSci.org was developed through the Natural Resources Ecology Lab (NREL) at Colorado
State University as an initiative to promote citizen involvement in scientific research (CitSci.org,
n.d.; Wang et al., 2015). According to their website, as of the end of 2020, nearly 1000 projects
have been initiated through CitSci.org. Authors of a scholarly review of citizen science in the
social sciences and humanities concluded that social science theories are infrequently used in
citizen science (Tauginienė et al., 2020).
Recommendations
3. The U.S. government should consider strategies and potential funding opportunities to
support citizen science projects.
4. The U.S. government should study the impacts of citizen science, including on science
literacy, public perceptions of science, support for funding of science, and time from
discovery to implementation.
5. The U.S. government should fund research to establish best practices for public
engagement in science.
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Science for Society
The UNESCO Recommendation
“Member States should treat public funding of research and development as a form of
public investment the returns on which are, for the most part, necessarily long-term,
and take all appropriate measures to ensure that the justification for, and indeed the
indispensability of such investment is held constantly before public opinion.”
(Recommendation II, 6)
“Member States should take measures to… encourage the spirit of service both to the
advancement of science and to social and ecological responsibilities toward their fellow
nationals, humanity in general, future generations, and the earth including all its
ecosystems, its sustainable development and its conservation, as an important element
in their education and training.” (Recommendation III, 13(d))
“Member States should bear in mind that the scientific researchers’ sense of vocation
can be powerfully reinforced if they are encouraged to think of their work in terms of
service both to their fellow nationals and to their fellow human beings in general.
Member States should seek, in their treatment of and attitude towards scientific
researchers, to express encouragement for this broad spirit of responsibility.”
(Recommendation IV, 15)
[See also Recommendation III, 14(d)(vi), Recommendation IV, 16(a)(iv)]
A Note about Data and Definitions
The distinction between public and private interest
Private-interest research aims to serve the interests of private, typically corporate or business,
entities. Public-interest research seeks specifically to promote the public good. Within the
context of public-interest research, we can distinguish three types—basic research, regulatory
or advisory research, and mission-driven public-interest research.
The exact parsing of STEM research into these categories, and the relationships between these
types of science, is a matter of controversy. Many think of public interest science as promoting
the public good through non-commercial means, as generally not funded by private industry,
and sometimes as fully independent from government institutions (though likely advocating
with such institutions). However, this common framing is problematic, as funding sources and
aims or interests are not always linked. Private foundations and philanthropies fund public
interest research. At the same time, much public funding goes into curiosity-driven directions
or becomes private interest research (through private interest technology transfer and licensing
14

arrangements). The categories of public- and private-interest research concern the aims or
goals of the research.
Data Findings
History and issues of public- and private-interest science
Historically, we can pick out four key concerns from four key moments in the recent
development of public interest science: 1) the opposition to nuclear weapons and broader antiwar movement among scientists in the 1950s-1960s (Moore, 1993; Moore, 1996); 2) scientists
interested in environmental protection and suspicious of the executive branch science advisory
and regulatory system in the 1970s (Hippel & Primack, 1972); 3) scientists, policy scholars, and
others concerned about the growing number of abuses in commercialized medical and
industrial research in the late 1990s and early 2000s (Krimsky, 2003); and 4) scientists
concerned about the status of science vis-a-vis the government in the wake of significant
political shifts that occurred in Europe and the U.S. in the mid-2010s. These moments and
concerns are, of course, overlapping and connected in various ways.
Throughout this history, a number of organizations have played a significant role in advocating
public interest science: Scientists’ Institute for Public Information (SIPI), the Union of Concerned
Scientists (UCS), Scientists and Engineers for Social and Political Action (SESPA), Science for the
People (SftP) (old and new versions), the Center for Science in the Public Interest (CSPI), the
Association for Science in the Public Interest (ASPI), and others. The U.S. National Science
Foundation (NSF) itself in the past had two programs specifically focused on public interest
research, “Interdisciplinary Research Relevant to Problems of Our Society (IRRPOS)” (19701971) and “Research Applied to National Needs (RANN)” (1972-1978), and today seeks to
integrate public interests into every proposal through the “Broader Impacts” criterion. Another
nascent effort concerns the emergence of universities working on public interest technology
and civic-minded engineering.
In spite of support from these organizations and ad hoc measures taken to integrate public
concerns into the science research and funding infrastructure, universities and public research
institutes are not entirely free from institutional factors which are thought to frustrate the aims
of public interest science. These include the Bayh-Dole Act of 1980 and the subsequent increase
in commercialized research, the increased demands for mainstream publication and grant
funding dollars as requirements for tenure and promotion, and decrease of public funding for
education and research (Brown, 2002; Krimsky, 2003; McGarity & Wagner, 2008).
Public and private funding of science
Although there are public sources of funding for private-interest science and vice versa, funding
sources may be a coarse-grained measure for the proportion of public- and private-interest
science. According to NSF’s The State of U.S. Science and Engineering 2020 (Science and
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Engineering Indicators, hereafter “Indicators, 2020”), the business sector accounted for over
$380 billion or 70% of US research & development funding in 2017, with the remaining funding
coming from government, higher education, and nonprofits. The federal government was the
second-highest spender, spending over $120 billion or 22% of the US R&D (research and
development) funding. Of the $548 billion total spend in US R&D, 17% of that is spent on socalled “basic research,” the only category where public funding exceeds private funding from
business, with about 42% of basic research funding coming from the federal government,
though “the share of basic research funded by the business sector increased from 19% to 29%”
(Indicators, 2020).
Analysis
There is no doubt that some public/private partnerships produce both significant benefits in the
public interest, as the COVID-19 pandemic illustrates. On the other hand, the prevailing model
that relies significantly on private funding and, therefore, private interest in financial benefit,
has been demonstrated to undermine equitable access to the benefits of scientific research and
development.
The COVID-19 pandemic provides a useful case study for illustrating the impacts of prevailing
research and development funding models, and a helpful juxtaposition to the impacts of such
models in non-pandemic times. In the U.S., government-funded research provided the vital
foundation for successful vaccine research and development that was undertaken in response
to the pandemic (Allen, 2020). At the same time, public funds have been used by governments
to pay the private sector to rapidly produce the vaccines for deployment. As such, both the
intellectual contribution made by publicly funded research and additional public funds have
resulted in both public and private benefits.
In the non-pandemic era, however, this model can often favor private interests at the cost of
ensuring broad public benefit and access, particularly among poor communities. An often-cited
example is that of neglected diseases. In 2017, the Brookings Institution reported that of an
annual total of at least $159.9 billion spent on overall health research and development, $5.9
billion was spent on research and development focused on the developing world, and $521
million on neglected diseases that primarily impact populations in very poor nations (West et
al., 2017). The U.S. is not immune to this effect. During the Zika crisis, an analysis revealed the
high proportion of residents in the five U.S. Gulf Coast States that suffered from at least one
neglected tropical disease, and the disproportionate health burden carried by poor African
Americans and African American women, in particular (Hotez & Jackson Lee, 2017). Neglected
tropical diseases are just one example of an area ripe for potential scientific research and
development but which attracts minimal private investment interest as a result of the
characteristics of the “market” that is affected—with regard to size, but particularly, wealth.
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Recommendations
6. Federal agencies should consider allocating additional funding to public interest science,
including potentially high-yield projects in mission-driven public-interest research.
7. Public funding is needed to support research that explores how, in what circumstances,
and with what social impact policy changes have driven public funding into privateinterest science.
8. Public funders of science and recipients should be encouraged to explore humanitarian
licensing options to promote access to and use of scientific and technological innovations
by historically disadvantaged populations.
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2. Science in National Policy and Decision-Making
Trust in science
The UNESCO Recommendation
The UNESCO Recommendation calls on member countries to ensure that:
“In order to have a sound science, technology and innovation system integrated to their
effort, Member States should establish and substantially strengthen human and
institutional capacities, including by…strengthening scientific culture, public trust and
support for sciences throughout society, in particular through a vigorous and informed
democratic debate on the production and use of scientific knowledge, and a dialogue
between the scientific community and society” (Recommendation II, 5(c)).
A Note about Data and Definitions
There is a widespread impression amongst scientists, science advocates, and others that public
trust in or the cultural authority of science in the U.S. has eroded significantly in recent years.
At least some Americans do not believe that climate change is real, think that vaccines do more
harm than good, and are skeptical of genetically-modified crops. And for quite some time, a
rather high percentage of Americans have rejected the basic claims of evolutionary biology.
What’s more, these claims are seen as part of a larger, worrying trend in which the entire
scientific enterprise has lost its epistemic and cultural authority (Cross, 2021). The available
data paint a somewhat different and more optimistic picture of the public attitudes towards
and trust in science and scientists. The data in this section are drawn primarily from the NSF
Science & Engineering Indicators series of reports and from Pew Research surveys.
Data Findings
The NSF Science & Engineering Indicators report Science and Technology: Public Attitudes,
Knowledge, and Interest contains a comprehensive account of Americans’ perceptions about
science. According to 2018 survey results, 92% of Americans agree that science and technology
create more opportunities for the next generation; 74% believe that the benefits of science
outweigh the harms; 84% agree that the government should fund basic scientific research, and
87% thought the level of funding should remain the same or be increased (43% said funding
was too low, 44% about right). In terms of indicators of trust in scientists, 44% of Americans
had “great deal” of confidence in the leaders of the scientific community (47% had “some”
confidence), making scientists the second-most trusted institutional leaders after the military
(and ahead of medicine, the Supreme Court, education, and organized religion). A significant
percentage of surveyed Americans agreed with statements such as:
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●
●
●

“Scientists are helping to solve challenging problems” (93%).
“Scientific researchers are dedicated people who work for the good of humanity” (90%).
“Most scientists want to work on things that will make life better for the average
person” (89%).

In addition to demonstrating relatively high levels of public trust in science, it is noteworthy
that these results have by and large remained stable since the 1970s, ranging a few percentage
points in either direction. Confidence in scientific leaders has remained stable when confidence
in the leaders of other institutions has been in flux, with the military increasing in status since
the 1970s and 1980s, while confidence has declined in the leaders of medicine, major
companies, and the press. And when it comes to the statements that indicate public trust in
scientists’ aims, not only has the very high-level agreement remained stable for decades, the
number of those who “strongly agree” with those statements has increased. Far from indicating
any growing dissatisfaction, distrust, or disrespect for science, the data on public perceptions
seems to indicate a stable, high level of trust in scientists and scientific results.
Climate change is an area where at least some Americans seem to be distrustful of science and
the authority of scientific assessments. Yet the NSF Indicators data show that there has been
significant increase in perceptions of the dangers associated with climate change, with 58% of
respondents in 2018 indicating concern for those dangers, up from only 35% in 1994. Other
polls show similar trends with respect to climate concerns over time. According to a 2019 Pew
Research poll, a majority of Americans believe that human activity contributes to global climate
change—49% say “a great deal,” and another 30% say “some” (Funk & Hefferon, 2019c). On
this and most scientific issues of public concern, most Americans agree with the scientific
consensus, though there is a sizable minority that often dissents.
There are a few public concerns about science as well, however. Just fewer than half of
Americans agree that “science makes our way of life change too fast,” a number that has been
fairly stable over the last decade, but which has increased as compared to the mid-1980s to
early-2000s (Indicators, 2020). It is, therefore, not surprising that Pew Research surveys show
that Americans have mixed views on the impact of emerging or anticipated science and
technology such as genetic engineering, human cognitive enhancement, and automation,
despite the fact that most Americans (73%) say that science has a “mostly positive” effect on
society (Funk, 2020).
A majority of Americans disagree in particular with the views of the scientific majority on the
safety of genetically-modified (GM) foods and foods grown with conventional chemical
pesticides. According to the 2015 comparison by Pew of their own survey of citizens with an
American Association for the Advancement of Science (AAAS) membership survey, a large
majority (88%) of AAAS scientists agree that it is safe to eat GM foods, while only 37% of the
public agrees (a 51-point gap) (Pew, 2015a). A slimmer minority of AAAS scientists (68%)
believe food grown with pesticides is safe, but even fewer sampled U.S. adults (28%) agree (a
40-point gap). By contrast, while smaller but sizable gaps exist with questions concerning
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climate, vaccines, or human evolution, the majority of U.S. adults agree with the majority of
scientists. The only question in this 2015 comparison that had comparable levels of
disagreement concerned the use of animals in research—only 47% of the public is in favor of
such use, whereas 89% of scientists are in favor of it (a 42-point gap).
Despite the overall positive picture of public trust in science, there are some important partisan
differences. Surveys show that more liberals than conservatives have a favorable view of
scientific experts in policy debates, believe in the effectiveness of “the scientific method” and
the objectivity of scientists (Funk et al., 2019a). Increased scientific literacy is likely to increase
liberal voters’ belief in anthropogenic climate change, but it is likely to decrease conservatives’
belief in the same (Kahan, 2015). On the other hand, some moderately controversial questions
(like the safety of vaccines) have no partisan associations (Funk, 2020). Americans tend to trust
practitioners (medical doctors, nutritionists) more than scientific researchers in the associated
area, although they have a generally positive view of both (Funk et al., 2019b). The difference
here is likely a result of both the greater familiarity of the public with the work of practitioners,
as well as the fact that the practitioners but not the researchers are generally understood as
having the interests or wellbeing of those in their care as a central aim.
Analysis
Positive perceptions, with understandable exceptions
By and large, the data present an optimistic picture of public trust in science. Most Americans
trust scientists and the scientific consensus on most issues. In a few prominent instances,
however, this is not the case. Areas of disagreement can concern questions of basic science
(have humans evolved from other species, does human activity contribute to climate change,
do vaccines cause autism?), risk assessments (food safety, emerging technology) and ethical
questions (whether it should be permissible to conduct animal research). The latter sort of
disagreements can sometimes be understood as legitimate, as different assessments of risk
based on different value judgments. Moreover, Americans have to navigate a variety of
different sources of information about many of these issues, which may or may not be truly
grounded in scientific evidence. For example, Americans are constantly inundated with
messages about what they eat and how it is healthy or unhealthy. What is more, this is an area
where scientific recommendations concerning nutrition have been mercurial, inconsistent, and
often overreaching (Aschwanden, 2016). What can complicate matters is that GM foods are
closely associated with large-scale industrial agriculture, and the latter has been subject to
critiques in terms of health, safety, and environmental impact. In this context, the normally
high level of trust of the American public for science has eroded.
Facilitating trustworthiness of science
Public mistrust of science is a more pressing problem than misinformation or scientific illiteracy;
facilitating trustworthiness of science is the most promising approach to improving science20

society relations and the role of science in national policy (Goldenberg, 2021). Scholarly
analyses of trust show that it is a complex phenomenon of epistemic dependence that makes
the trustor vulnerable to the trustee. The proper functioning of science and in particular science
taking its proper role in society requires relationships of trust between the public and scientific
experts. Fostering trust requires the use of certain effective communication practices that
involve engagement in both directions (Grasswick, 2010; Goldenberg, 2016).
Trustworthiness requires not only a recognition of the competence of scientists but also their
integrity (Scheman, 2001; see §2.h Social Responsibility and §3.d Scientific Integrity). This
second criterion requires that scientists not only uphold standards of good research, but also
that they are responsible or conscientious of those who rely on their results (Baier, 1986; Jones,
1996; Almassi, 2012). In order to facilitate public trust in science, scientists must cultivate
relationships with the public that demonstrate that they are not only competent but
epistemically and morally responsible in regards to the interests of the public.
Studies have shown that certain public controversies over science have strong partisan
associations, while others do not. Better communication of scientific information is insufficient
in general for creating public trust in science. In cases where there is partisan polarization about
a scientific issue, an approach that focuses on better communication of the science can actually
be counterproductive (Kahan, 2015). However, in other cases, the public controversy about the
science has no partisan associations, for example, vaccine hesitancy and vaccine refusal. In such
cases, there is more hope that public trust in the science can be fostered and it is important not
politicize such issues. Relating all cases of public mistrust of science in a narrative of a political
“war on science” is a particularly pernicious communication strategy.
Another component of facilitating trust between the scientific community and the public is that
individual scientists and their organizations need to avoid exaggerating or misleading the public
about scientific findings. For example, if a scientist were to state that a vaccine or other medical
treatment is “risk-free,” that would be dishonest. Granted, a given treatment may have
relatively minor side effects or negatively affect a relatively small portion of the population, but
arguably there is no such thing as a treatment that has zero risk. In sum, scientific findings
should be described accurately and transparently.
Recommendations
9. Federal agencies should consider funding research on what facilitates and erodes trust in
science.
10. Publicly-employed/-funded scientists should be encouraged and recognized for efforts
aimed at cultivating relationships with the public that foster a sense of trustworthiness.
11. The science communication ecosystem should work to decouple partisan identities from
public science controversies by emphasizing that the issues at stake are not strictly
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partisan.
12. The federal government should consider funding programs that research, monitor, and
respond to science mis/disinformation over online platforms.

Independent science
The UNESCO Recommendation
The UNESCO Recommendation calls on member countries to ensure that:
“Member States should create the environment to ensure that scientific researchers,
who give policy advice to policy-makers and other public officials, can do so in an
accountable manner in which conflicts of interest are disclosed.” (Recommendation II,
9)
“Each Member State should institute procedures adapted to its needs for ensuring that,
in the performance of research and development, scientific researchers respect public
accountability while at the same time enjoying the degree of autonomy appropriate to
their task and to the advancement of science and technology.” (Recommendation II, 10)
A Note about Data and Definitions
There is a limited number of data sources that assess conflicts of interest and losses of science
independence in a government context. In the US, much work in this area comes from legal
scholars, nongovernmental organizations, and government reports, including, for example,
reports of the Government Accountability Office (GAO) and the nonprofit Union of Concerned
Scientists (Wagner et al., 2018; MacKinney et al., 2020; GAO, 2020). In the U.S., relevant
policies at the federal level fall under the umbrella of federal scientific integrity policies, peerreview policies, and other government policies and procedures that govern the process by
which science is funded, conducted, reviewed, and used to inform policy decisions in a federal
government context. Such issues concern both researchers working within the government and
those informing policy decisions from outside of it, such as researchers serving on federal
science advisory committees, university researchers collaborating with government actors, and
researchers receiving government funding.
Data Findings
The U.S. has a long tradition of science-based and science-informed decision making across the
federal government, from food and drug safety to environmental pollution to worker safety
standards (Goldman et al., 2017). However, politicization of science in the federal government
context has increased in recent years (Goldman et al., 2020). Such instances have been closely
tracked for the past several decades (Berman & Carter, 2018). Examples of such losses of
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independence have included the suppression, manipulation or halting of scientific documents,
the appointment of conflicted decisionmakers, communication restrictions on scientists, undue
political influence over decisions that should be science-based such as grant-funding decisions,
and other disruptions to the processes by which science should be conducted and
communicated in the federal context.
Politicization of federal science has occurred under presidents of both major political parties,
with ebbs and flows over multiple past administrations (Berman & Carter, 2018; Carter et al.,
2021). Problems have included conflicts of interest in decisionmakers, for example, when
agency heads have come from industries that they were subsequently responsible for
regulating, and when federal science advisory committees have failed to meet as often as their
charters specified, some disbanded, and others populated with less qualified or conflicted
individuals (Union of Concerned Scientists, 2018).
Analysis
The independence of science and scientists in national policy and decision making is threatened
by the politicization of scientific work and processes. Several vulnerabilities, loopholes, and
instances of lack of transparency create conditions under which politicization of science
happens. Policies guarding against such interference in science are inconsistent across federal
agencies and agencies have varying levels of capacity to devote to educating employees,
investigating allegations, and enforcing policies. A unique challenge in recent years is the
circumstance of presidential or federal agency leaders themselves politicizing science or
directing it. Given existing power structures and policy and legal frameworks, there has been
little opportunity for recourse and accountability under such circumstances.
Consistent and strong protections for federal science and scientists are needed to better ensure
the independence of science in national policy settings. Such protections should include
ensuring government scientists are able to freely speak to the public and media, better
insulating science advice from political actors, and developing clear and streamlined processes
for investigation of allegations of politicization and robust enforcement mechanisms (Union of
Concerned Scientists, 2020a; Union of Concerned Scientists, 2020b; Kurtz & Goldman, 2020).
Many solutions exist to strengthen disclosure and management of conflicts of interest in
science advice and evidence-based policy decisions (Kelly et al., 2021). Additionally, the U.S. can
glean solutions from the experience of other nations that have worked to address similar issues
of politicization of science (Carroll et al., 2017).
The Biden administration has taken several steps to begin addressing these challenges (Carter
et al., 2021). A presidential memo on scientific integrity and evidence-based policymaking was
issued that would review federal policies that protect science and scientists from political
interference, form a scientific integrity taskforce, and review advisory committees for any
changes needed (The White House, 2021b). President Biden has also indicated that his
administration will review recent federal actions for any policy decisions made in the previous
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administration that are inconsistent with their intention to make evidence-based policy
decisions (The White House, 2021b). It is critical that the Biden administration follow through
on these efforts and fully implement changes that will strengthen the independence of the U.S.
government’s use of science. Additionally, the U.S. Congress can play a key role. Several bills
have been proposed in Congress that would address these issues. The Scientific Integrity Act,
for example, would strengthen protections for science and scientists by codifying and
standardizing across the government several key provisions of federal scientific integrity
policies (Tonko, 2021).
Recommendations
13. The U.S. government should better track, analyze, and make public all available data on
conflicts of interest and scientific independence in the U.S. federal government.
14. The U.S. government should take steps to strengthen federal protections for science and
scientists working in policy contexts. Such efforts should include strengthening scientific
integrity policies across all federal science agencies, improving consistency in policy and
practice across the government, and appointing science agency and White House
decisionmakers who can provide strong leadership on independent science.
15. To address conflicts of interest in science advice settings, the U.S. government should
strengthen its oversight and guidance on conflict of interest in order to create more
transparency and accountability around the formation, appointment, activities, and
disbanding of science advisory committees.
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3. Science as a Common Good
Open access and open data
The UNESCO Recommendation
“Member States should take measures to… ensure equitable and open access to
scientific literature, data and contents including by removing barriers to publishing,
sharing and archiving of scientific outputs.” (Recommendation III, 13(e))
“In order to promote science as a public good, Member States should encourage and
facilitate access to knowledge, including open access.” (Recommendation V, 36)
[See also Recommendation IV, 16(a)(v))
A Note about Data and Definitions
“Open access” and “open science” are two distinct but related terms. Open access involves the
free, immediate, online availability of research articles. There are currently various routes to
open access, including with differences in the rights to reuse the published articles. Open data
concerns research data that is freely available, allowing for further analysis and re-processing.
Such data may include datasets, statistics, transcripts, survey results, and metadata. Open
access and open data are each elements of, but distinct from, open science, which is as much, if
not more, about sharing knowledge to facilitate open research collaborations as it is about
access to the final outputs.
Data Findings
Since 2008, the US National Institutes of Health (NIH) have mandated open access for research
publications resulting from NIH funding (NIH, 2014). Since 2013, NSF has also mandated open
access to publications resulting from NSF funding (NSF, n.d). NIH and NSF encourage funded
researchers to share data openly when possible. Yet there are concerns that can render data
sharing difficult or impossible such as if making the data public might lead to identifying
individual research participants. In October 2020, NIH issued an updated Policy for Data
Management and Sharing, which goes into effect on January 25, 2023 (NIH, 2020).
In addition to access to publications resulting from federal funding, there has been a move
toward accessibility of government data, specifically. On May 9, 2013, President Obama signed
an executive order that made open and machine-readable data the new default for government
information. Project Open Data (https://resources.data.gov/), a collection of code, tools and
case studies, was developed to help federal agencies make their data publicly available. The
U.S. government’s open data are housed on the website data.gov.
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More recently, the Biden administration issued a presidential memo that includes efforts to
“expand open and secure access to federal data” and directs federal agencies to develop open
data plans that encourage federal data to be more open, accessible, machine-readable, and
“disaggregated by race, gender, ethnicity, age, income, and other demographic factors that
support researchers in understanding the effects of policies and programs on equity and
justice” (The White House, 2021b). These efforts are aimed at expanding federal open data
initiatives from the Obama administration.
Analysis
A recent review found that 45% of scholarly literature was published open access in 2015 and
that articles published open access receive 18% more citations on average; data were published
by journal, not location of author(s) (Piwowar et al., 2018). Researchers of a study of open
access publishing at American research universities from 2014-2018 found 53.7% of articles had
restricted access, and found that scholars were more likely to publish open access if they were
male gender, employed at a prestigious institution, associated with a STEM discipline, had
greater federal research funding, and were more advanced in their career (Olejniczak & Wilson,
2020).
Open access to journal articles can certainly be beneficial to readers but it can shift the
publication costs from subscribers to the authors, their organizations, and non-profit
publishers. This can place those authors without the resources to pay such costs at a
disadvantage in the effort to find a publication venue thereby perpetuating or further
exacerbating persistent inequities for authors based on race, gender, geography, discipline,
and/or institution.
Recommendations
16. The U.S. government should develop clear guidelines for making federally funded
research open access and open data publicly available. The U.S. government should host
data on their repositories through a link from research articles.
17. Federal sponsors should address inequities associated with costs to researchers of open
access publication.
18. Research funded publicly should support reasonable costs associated with open access
publishing.
19. The federal government should fully implement its plans to expand open data initiatives
and infrastructure, with a focus on ensuring data is shared in accessible and useful
formats and an emphasis on disaggregated demographic data that will enable researchers
to better study and identify inequities in government services and public benefits of
science.
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4. Inclusive and non-discriminatory work and access to education
Diversity, Equity and Inclusion (DEI) in the STEM workforce
The UNESCO Recommendation
The UNESCO Recommendation calls on member countries to:
“[I]n order to remediate past inequalities and patterns of exclusion, actively encourage
women and persons of other under-represented groups to consider careers in sciences,
and endeavour to eliminate biases against women and persons of other underrepresented groups in work environments and appraisal.” (Recommendation III, 13(c))
Similarly, the Recommendation urges member states to:
“(b) [E]nsure that scientific researchers enjoy equitable conditions of work, recruitment
and promotion, appraisal, training and pay without discrimination on the basis of race,
colour, descent, sex, gender, sexual orientation, age, native language, religion, political
or other opinion, national origin, ethnic origin, social origin, economic or social
condition of birth, or disability;
“(c) support individuals from underrepresented groups entering and developing careers
in research and development.” (Recommendation V, 24(b)(c))
In paragraphs 33 and 34 (not quoted in full here), the Recommendation calls for member states
to provide “adequate and equitable social security arrangements” for scientific researchers and
performance evaluation that does not disadvantage those who take family or parental leave
(Recommendation V, 33, 34(d)).
A Note about Data and Definitions
Statistics about who participates in the U.S. STEM workforce are based on data collected by U.S.
government agencies, including the U.S. Census Bureau, the Bureau of Labor Statistics, and the
National Science Foundation. These include the U.S. Census, which is mandated by the U.S.
Constitution and held every ten years, and the American Community Survey (ACS), which is
carried out on an ongoing basis. The Census, intended to count every U.S. resident, asks every
household basic questions such as how many people live in their home, race, age, and sex. The
ACS, sent to 3.5 million people per year, asks more detailed questions such as place of birth,
citizenship, disability, educational attainment, and occupation.
The data derived from these surveys form the basis of two leading reports—both mandated by
the U.S. Congress and issued biennially—that monitor trends in the STEM workforce: The
National Science Board’s Science and Engineering Indicators (hereafter “Indicators, 2019”) and
27

the National Science Foundation (NSF)’s Women, Minorities, and Persons with Disabilities in
Science and Engineering (hereafter “WMPD, 2019”). The National Center for Science and
Engineering Statistics (NCSES) prepares the reports and complements the above data sources
with its own additional surveys. One other survey providing detailed publicly accessible
information about STEM faculty is the National Science Foundation Higher Education Research
and Development Survey which collects, among other data, headcounts of research and
development personnel at U.S. colleges and universities.
One challenge in assessing the data is that there is no agreed-upon definition of “STEM
workforce.” Surveys provide varying definitions of “STEM fields,” or differ on whether to
include people with STEM-related degrees who do not currently work in STEM fields. For
example, the Indicators describe how the size of the U.S. STEM workforce can be defined as
anywhere from the approximately 7 million people who work in STEM occupations to the
nearly 25 million who hold at least a bachelor’s degree in a STEM-related field (Indicators,
2019). For its part, based on ACS data, a 2018 Pew report calculates “STEM employment” in the
U.S. at 17.3 million people (Funk & Parker, 2018).
Definitions of which occupations are considered “STEM fields” also vary. The Indicators report
(which uses the term “S&E,” for science and engineering, rather than STEM) defines them as
including “computer and mathematical sciences, life sciences, physical sciences, social sciences,
and engineering. S&E occupations fall into these same five broad occupational categories and
include postsecondary teachers of these same broad fields of study” (Indicators, 2019). Healthrelated fields are often not included in the Indicators’ definition. Due to the lack of a single
standard and in the interest of producing a report of broad relevance, we choose to follow a
broad approach in defining who is part of the U.S. STEM workforce and what fields are
included.
Which Demographic Groups?
Groups that are considered “underrepresented” in STEM hold a smaller share of STEM degrees
and employment in the STEM workforce than they should if they were represented according
to their share of the U.S. population (WMPD, 2019). In addition to groups who are specifically
designated under US law as underrepresented in STEM (African Americans, Hispanic/Latinx
populations3, and Indigenous people4) the NSF WMPD report also includes two other groups
3 Hispanic/Latinx populations can be of any race. There continues to be debate, including within Hispanic/Latinx

communities, about using the term “Latinx” (which is inclusive of individuals who identify as neither male nor
female) in place of the more traditional “Latino” or “Latinos/Latinas.” Whenever possible, we employ both
“Hispanic” and “Latinx” here in the interest of being as inclusive as possible and to be consistent with usage in
other AAAS publications.
4 Terms for Indigenous populations in the U.S. vary. Many Native people prefer to be identified by the name of
their Nation (e.g. Navajo, Wampanoag). The Census uses “American Indian,” which some communities prefer;
another alternative is “Native American” (which some communities prefer to avoid). Depending on the survey,
Indigenous populations may be sub-grouped into one or more specific categories, e.g. “Native Hawaiian/Pacific
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who historically have faced discrimination: women and persons with disabilities. One
prominent minority group, Asian Americans, is not included because they are statistically
represented above their share of the population among people who obtain STEM degrees and
are employed in the STEM field (WMPD, 2019; Indicators, 2019). That said, this does not mean
that Asian Americans do not face similar challenges (such as racist violence and discrimination)
as other marginalized groups. Furthermore, data on Asian Americans lumps together many
different communities (such as Chinese Americans, Filipinos, and Hmong). Some of these
groups may be appropriately represented, but others may not. We also include one population
for whom more data is needed: the LGBTQ+ (lesbian, gay, bisexual, transgender, queer)
community.
Women
Data Findings
Women are a majority of the U.S. population but are underrepresented in numerous STEM
fields. In 2016, women and men were roughly equal in receiving STEM bachelor’s degrees.
Women received 44% of master’s degrees and 41% of doctorates (WMPD, 2019). While the
number of women who hold STEM degrees or work in STEM fields has doubled since 1995, in
2017 women still made up less than 30% of workers in STEM occupations, even though they are
47% of the labor force (Indicators, 2019).
According to 2019 figures calculated by Dr. Lindsey Malcom-Piqueux based on NSF data and a
2014 analysis by former Scientific American executive editor Fred Guterl, white men comprise
32.2% of the U.S. resident working-age population (between ages 18-64) but make up 47.5% of
the science and engineering workforce (Malcom-Piqueux & Malcom, 2019; Guterl, 2014). White
women are 32.3% of the U.S. resident population, but just 17.5% of the STEM workforce.
Women of color are particularly underrepresented. Black women are 6.5% of the resident
population but 2.5% of the STEM workforce. Latinas are 7.7% of the resident population and
just 2.3% of the STEM workforce.
Indigenous women (encompassing those whom the data categorizes as American Indians,
Alaska Natives, and Native Hawaiians) are approximately 0.5% of the resident population.
Reliable estimates of their percentage of the STEM workforce are difficult to find. One reason
for that is cell counts in these studies are often so low for Indigenous scholars that their
reporting is often subsumed into the “Other” category. Sometimes this is done because the
reporting of the low numbers would constitute identifiable data. While this is considered good
practice from a data ethics standpoint, it simultaneously serves to re-marginalize these
individuals. Such erasures have reifying effects upon the community which serve to limit STEM
aspirations among future indigenous scholars—a vicious cycle. The NSF’s new “Making the

Islander” and “American Indian/Alaska Native.” As this report is aimed at a global audience, we choose to use
“Indigenous” here, except where “American Indian” is employed by a specific data source.
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Invisible Visible” campaign is specifically targeted at this issue with a focus on recognizing the
“under-underrepresented groups” in STEM.
The presence of women varies greatly by scientific discipline. Women are more concentrated in
life sciences (48%) and social sciences (59%). Representation of women is lowest in the physical
sciences, computing and mathematical sciences (each around 30%), and engineering (16%,
including just 7% of mechanical engineers). Still, this data largely represents an increase in most
fields since the 1990s, when the percentage of women in engineering, for example, was just
9%. An exception is the growing fields of computing and mathematical sciences, where the
percentage of women has decreased from 31% in 1993 to 27% in 2017, even though three
times as many women work in the field as they did a generation ago (Indicators, 2019).
Median salaries for women employed full time are generally lower than men’s across STEM
occupations. According to NSF data, the overall median salary for women across all STEM
occupations is $66,000, compared to $90,000 for men. Certain fields such as computer and
information sciences ($84,000 median salary for women, $100,000 for men) and physical
sciences ($62,000 for women, $80,000 for men) have particularly stark disparities. In fields
where women form a greater portion of the workforce, such as social sciences and life sciences,
the gap is closer, although in both cases men’s median salaries are $4,000-$5,000 more
(WMPD, 2019).
Another disparity is in the type of work performed by women. In some fields like health,
women are an overwhelming majority of workers (71% per the most recent Science and
Engineering Indicators). Yet women are only 44% of practitioners responsible for diagnosing
and treating patients. Most are “employed primarily as nurse practitioners, pharmacists,
registered nurses, dietitians, therapists, physician assistants, and health technologists and
technicians” (Indicators, 2019).
Though women remain underrepresented in academia, this is one area where gaps with men
may be narrowing. The percentage of women with STEM doctorates with jobs in academia rose
from 25% in 1997 to 38% in 2017. In 2017, 32% of full-time senior faculty in STEM (i.e.,
associate or full professors) were women, up from 17% two decades prior (Indicators, 2019).
Analysis
There are many explanations for these disparities (see Access to Quality STEM Education, pp.
32-43, for more information). Evidence suggests that isolating and demanding workplace
cultures, harassment, and bias (implicit and explicit) are all substantial factors in why women
leave the STEM workforce (Corbett & Hill, 2015). Environments can be particularly hostile for
women of color, who are more likely to face sexual harassment and on-the-job stress from
cultures that often demand they work harder to prove their “legitimacy” (Corbett & Hill, 2015;
National Academies, 2018b) and who are often taxed with additional service burdens.
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Moreover, women in STEM jobs are more likely than women in non-STEM jobs to say they have
experienced discrimination at work (Funk & Parker, 2018).
Another factor is family responsibilities, such as caring for a child or elderly relative. In looking
at unemployment or part-time employment among scientists and engineers, “Almost three
times as many women as men report that they are not employed, not looking for work, and not
retired” (WMPD, 2019). When asked for their reasons for not working, 27% of women cited
family responsibilities; just 6% of men did. Among part-time employed scientists and engineers
who would ideally work full time, 45.7% of women, and 19.5% of men, cited family
responsibilities as a reason (WMPD, 2019). The increased burden of dependent care being
borne by women has been exacerbated by 2020-21 COVID-19 pandemic.
While salary data reflects clear disparities, some caution is warranted. As the Indicators report
notes, “differences in average age, work experience, academic training, sector and occupation
of employment [e.g. government vs. private sector], and other characteristics can make direct
comparison of salary statistics misleading” (Indicators, 2019). Nevertheless, after controlling for
these effects, disparities remain. Among those whose highest degree is in a STEM field, women
with a bachelor’s or doctoral degree earn 9% less than men. For master’s degree recipients,
women earn 10% less (Indicators, 2019).
Overall, in most fields of the STEM workforce, with some exceptions like computer science,
representation of women appears to be growing (Myers, 2018). However, numerous barriers
exist to women’s advancement in STEM fields, particularly for women of color, including bias,
workplace culture, and caregiving responsibilities. There is early evidence that the COVID-19
pandemic may set back recent gains for these groups by exacerbating the factors mentioned
here (Woolston, 2020; Cardel, 2020). For example, women of color serve as caregivers (both
paid and unpaid) at disproportionate rates, and may face greater risk of illness and death from
COVID-19 due to structural racism and inequality (500 Women Scientists, 2020; Erickson, 2020).
People of color, who are disproportionately represented among “essential workers,” are more
likely to become ill or die from COVID-19 or be affected by its economic impacts, such as job
loss (Mitchell, 2020).
Recent data indicates that the pandemic has disproportionately affected researchers who are
mothers. Studies have shown a decrease in the percentage of women authors on preprints,
manuscripts, and published papers, and that mothers’ research hours have declined 33% more
than fathers’ have (Langin, 2021). With many children staying at home during the pandemic,
researchers who are mothers are more likely to spend more of their time on child care and
housework than fathers do (Langin, 2021).
There are numerous potential actions that could be taken to address these inequities. A 2020
article in Scientific American mentions several possible approaches, including encouraging
employers to better support caregiving and government action to promote policies such as
family leave, which is mentioned by the UNESCO Recommendation (Torres et al., 2020). While
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written before the pandemic, the American Association of University Women’s 2015 report
Solving the Equation provides numerous suggested actions the U.S. government can take,
including funding education and workforce training and authorizing additional data collection
(Corbett & Hill, 2015). Such an approach could be extended to underrepresented minorities as
well, with a particular eye on the circumstances of women of color and others at the
intersections of multiple identities. An Interagency Policy Group during the Obama
Administration issued recommendations in 2016 for federal government actions to mitigate
bias in the STEM workforce that could also be revisited (Handelsman & Ward, 2016).
Underrepresented Groups: African Americans, Hispanics, & Indigenous People
Data Findings
African Americans, Hispanic/Latinx populations, and Indigenous people are underrepresented
in the STEM workforce. Black men are 5.9% of the resident population ages 18-64, but 3.1% of
the STEM workforce; Latino men are 8.1% of the resident population but 5.2% of the workforce
(Malcom-Piqueux & Malcom, 2019; Guterl, 2014). Indigenous men are 0.5% of the resident
population. As noted above, reliable estimates of their percentage of the STEM workforce are
not readily available.
Despite representing something close to 30% of the population and labor force, members of
underrepresented minority groups hold approximately 9% of academic doctoral positions in
STEM. Factors such as lack of access to rigorous math and science courses or qualified teachers
in primary and secondary schools, as well as socioeconomic status (which will be explored in
the next section), help explain why these disparities manifest in the STEM workforce (WMPD,
2019).
A study assessing the earnings of full-time STEM workers over age 25 found the median salary
was $71,897 for whites, $58,000 for Blacks, and $60,758 for Hispanics. Among women, median
salaries were $60,828 for whites, $52,718 for Blacks, and $52,000 for Hispanics. While these
numbers are all lower than the median salaries for men, white women have slightly higher
median salaries than Blacks and Hispanics overall (Funk & Parker, 2018).
Analysis
One reason behind these disparities is workplace discrimination. 62% of Blacks and 42% of
Hispanics employed in STEM report experiencing at least one kind of discrimination due to their
race or ethnicity (Funk & Parker, 2018). While still unacceptable, 50% of Blacks and 42% of
Hispanics in non-STEM fields report such discrimination (Funk & Parker, 2018). This finding
reinforces the importance of devoting special attention to racism, especially anti-Black racism,
in STEM. An inability to find mentors who share similar social identities is another important
factor, as research suggests the importance of mentorship in ensuring underrepresented
minorities stay in STEM (MacPhee et al., 2013).
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As the data shows, underrepresented minority groups earn lower median salaries across STEM
occupations (WMPD, 2019; Funk & Parker, 2018). However, as mentioned above, salary data
can be unreliable for some occupations without controlling for other factors such as
occupation, employment sector, and experience (Indicators, 2019). Further analysis of these
disparities and recommendations for addressing them will be found in the next section.
People with Disabilities
Data Findings
Approximately 10% of employed scientists and engineers self-report having one or more
disabilities, fairly close to their estimated representation of 11% of the population cited by the
WMPD report. Data also suggests that disabled people in the STEM workforce earn slightly
lower median salaries than people without disabilities, except in engineering (WMPD, 2019).
Analysis
Data on disability should be treated with caution because definitions of disability have changed
over time. Increasingly, more Americans are identifying as disabled. Nearly one out of every five
college students in 2016 cited having some kind of disability. By the Centers for Disease Control
and Prevention’s definition, 1 out of every 4 American adults has a disability (CDC, n.d.). For this
reason, it is difficult to say how underrepresented people with disabilities are in the STEM
workforce, although evidence suggests they are underrepresented at least to some degree. An
additional data issue which obfuscates the unique challenges that various subgroups of persons
with disabilities have is that existing data tend to aggregate learning disabilities with all other
physical disabilities. Further data collection is needed in order to come to reliable conclusions.
LGBTQ+ Populations
Data Findings
Data on LGBTQ+ individuals in STEM is limited because NCSES surveys of the STEM workforce
currently do not ask about sexual or gender identity. Research suggests that the LGBTQ+
individuals are underrepresented in STEM by approximately 20%, at least in federal agencies
related to STEM (Freeman, 2019; Cech & Pham, 2017), but more data is needed to track
employment of LGBTQ+ people across STEM fields.
Analysis
More data on LGBTQ+ employment is needed to be able to reach firm conclusions. However,
workplace culture and bias against LGBTQ+ individuals may help explain why this population
appears to be underrepresented. A recent study suggests LGBTQ+ people are more likely to
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report “systematically more negative workplace experiences than their non-LGBT colleagues”
(Cech & Pham, 2017). This is even more so the case for people who identify as transgender
(U.S. Commission on Civil Rights, 2017; National Center for Transgender Equality, 2021).
One way to address the data gaps regarding people with disabilities and LGBTQ+ individuals in
the STEM workforce would be to add questions about identification as disabled and/or LGBTQ+
to major reports such as Science and Engineering Indicators and NSF surveys of the workforce,
such as the Survey of Earned Doctorates, Survey of Doctoral Recipients, and National Survey of
College Graduates. At the same time, surveys should respect the privacy of individuals who live
in states where categories such as sexual orientation and gender are not protected under law
(Langin, 2018).
A Culture of Respect and the Prevention of Harassment
Intertwined with the aforementioned issues is the overarching need to foster a culture of
respect in science, which includes developing strategies to prevent harassment or other
behaviors that might contribute to a toxic work environment for the groups mentioned above,
especially people, such as women of color, who have intersecting marginalized identities. This
will require the will of the scientific community to critically examine the scientific enterprise,
often thought of as a meritocracy, to examine the multiple ways in which power, privilege, and
bias are imbued within decision-making and the many systems comprising the STEM enterprise
(Tilghman et al., 2021).
The National Academies among other entities has been seeking to develop strategies to
address the issue. One important action would be to implement the recommendations for
addressing sexual harassment and promoting cultural change in the 2018 National Academies
report Sexual Harassment of Women: Climate, Culture, and Consequences in Academic Sciences,
Engineering, and Medicine (National Academies, 2018b).
The situation of trainees in the STEM workforce deserves special attention. Numerous recent
studies have demonstrated alarmingly high rates of anxiety and depression among graduate
students. A survey of 2,279 students, 40% of them from the fields of biological sciences,
physical sciences, or engineering, reported rates of moderate to severe anxiety and depression
six times higher than among the general population (Pain, 2018). A 2015 study of students at
the University of California, Berkeley found that nearly half of PhD students in science and
engineering reported being depressed (Bernstein, 2015). The 2018 study found significant
variation by sex: women were more likely than men to report experiencing anxiety or
depression (Pain, 2018). While only 42 transgender or gender-nonconforming people
responded to the survey, more than half reported feeling anxious or depressed. Research has
also shown that students of color are more likely to feel overwhelmed than white students, but
are less likely to seek help (Steve Fund, 2020; Langin, 2020).
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Institutional and cultural factors seem to contribute to these results. They include lack of worklife balance and unsupportive relationships with principal investigators (Pain, 2018). Among
students of color, research points to the mental health effects of racism and microaggressions
(Zamudio-Suarez, 2021; Steve Fund, 2020). Evidence suggests that the COVID-19 pandemic has
also led to spikes in mental health issues among graduate students (Langin, 2020). As the
pandemic deepens what some researchers have called a “mental health crisis,” these findings
reiterate the importance of fostering a culture of support and respect in science on campus and
beyond.
Recommendations
20. For the U.S. government (including executive leadership and federal science agencies)
and funders: make addressing inclusion, equity and discrimination in the STEM
workforce a key national priority.
21. U.S. government data on the workforce should include more and better information
about people from indigenous, LGBTQ+, and disabled identities.

Access to quality STEM education
The UNESCO Recommendation
In paragraph 13, the UNESCO Recommendation calls on member countries to:
(a) “Ensure that without discrimination on the basis of race, colour, descent, sex, gender,
sexual orientation, age, native language, religion, political or other opinion, national
origin, ethnic origin, social origin, economic or social condition of birth, or disability, all
citizens enjoy equal opportunities for the initial education and training needed to qualify
for research and development careers, as well as ensuring that all citizens who succeed
in so qualifying enjoy equal access to available employment in scientific research;
(b) abolish inequalities of opportunities;
(c) in order to remediate past inequalities and patterns of exclusion, actively encourage
women and persons of other under-represented groups to consider careers in
sciences…” (Recommendation III, 13(a)-(c))
A Note about Data and Definitions
Access to quality STEM education can be assessed through several metrics, including
discrepancies between demographic groups on national assessments; who receives degrees in
STEM fields; the availability of qualified teachers; and the availability of science and math
courses, especially access to rigorous coursework such as the Advanced Placement (AP) and
International Baccalaureate (IB) programs.
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The major data sources on access to quality STEM education are reports compiled by the U.S.
government, specifically the U.S. Department of Education Institute of Education Sciences
National Center for Education Statistics (NCES) and the National Science Foundation (NSF). The
list of relevant Department of Education surveys is too exhaustive to be included here (for a
recent list, see National Research Council, 2013), but a leading example is the NCES National
Assessment of Educational Progress (NAEP), an assessment in various subjects administered to
representative samples of fourth, eighth, and twelfth grade school students across the country.
In science, the NAEP was conducted most recently in 2009, 2011, and 2015; in mathematics,
2015, 2017, and 2019; and in technology and engineering literacy (TEL), 2014 and 2018. NAEP
data help measure student performance over time and gaps between demographic groups.
The Department of Education’s Office for Civil Rights conducts a biennial survey, the Civil Rights
Data Collection (CRDC), which gathers data on areas such as student demographics, who enrolls
in math and science courses, and students who are subjected to disciplinary actions such as
expulsions and suspensions. The CRDC helps the Department assess whether public schools are
complying with federal anti-discrimination laws and provides data for policymakers, schools,
and members of the public.
In addition, the U.S. participates in multiple international comparative education attainment
assessments. TIMSS (Trends in International Mathematics and Science Study), for example, is
administered by the International Association for the Evaluation of Educational Achievement
and assesses how American students compare to international counterparts in science and
mathematics. TIMSS also analyzes performance by different demographic groups. TIMSS is
administered to a representative sample of fourth, eighth, and twelfth graders. Another
important international study the U.S. participates in is the Organisation for Economic Cooperation and Development (OECD)’s Programme for International Student Assessment (PISA).
PISA assesses the performance of 15-year-olds in math, science, and reading in the U.S. and
dozens of other countries around the world.
Another way to measure access to STEM education is the demographics of students who take
AP examinations. This data is collected by the College Board, the non-profit that administers
the APs, and is published for each state and the U.S. as a whole every year (College Board,
2020). The National Science Board’s Science and Engineering Indicators pulls data from many
sources to report on the “state of science” in the U.S., including the availability of AP courses
and other trends in mathematics and science. For more on this report, see the DEI in the STEM
Workforce section (pp. 24-32).
For data on postsecondary education, a key data source is the Integrated Postsecondary
Education Data System (IPEDs), annual surveys conducted by the Department of Education each
year from every institution that takes part in government financial aid programs for students.
IPEDS data is a benchmark for determining how many students are enrolled in postsecondary
education, the number of degrees earned, and other vital information. However, this data has
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significant limitations. One factor in the availability of public data on STEM pathways is the
2008 Congressional ban on student-level data in higher education, which inhibits the ability to
assess what is occurring in STEM education, especially at the postsecondary level. IPEDs
primarily collects and reports data on first-time, full-time, and non-transfer students, reporting
in aggregate at the institutional level. However, this means that only a small fraction of enrolled
persons in higher education are included in most IPEDs data (Bennett et al., 2020). A bipartisan
effort has pushed for repeal of the ban and put forward recommendations for a comprehensive
system of data collection (Swing, 2016).
Higher education enrollment and degree attainment are also reported by NSF’s Women,
Minorities, and Persons with Disabilities in Science and Engineering. (For a fuller discussion of
various other sources and their strengths and weaknesses, see National Academies, 2018a,
especially Chapter 6, “Existing Data Sources and Monitoring Systems,” pp. 127-176).
The data produced by the above sources is voluminous. For this reason, this report relies on key
publications that synthesize these data sources, including the Education Commission of the
States’ Vital Signs, the National Research Council’s Monitoring Progress toward Successful K-12
STEM Education: A Nation Advancing? and the National Academies of Sciences, Engineering,
and Medicine’s Science and Engineering for Grades 6–12: Investigation and Design at the
Center.
Women
Data Findings
Primary and Secondary School
Among the data included in TIMSS reports is a comparison of the science and mathematics
scores of boys and girls in grades 4 and 8. In every edition of the 4th-grade mathematics survey
since 1995, boys have scored higher. In 2019, the score difference widened to 11 points, up
from 3 points in 1995. Similarly, in 4th-grade science, boys score consistently higher than girls.
In 8th-grade mathematics, however, the assessment found no significant difference. For 8thgrade science, 2019 marked the first time there was no significant difference in scores between
girls and boys. Previously, boys scored anywhere from 5 points higher, in 2015, to 19 points
higher, in 1999 (TIMSS, 2019). The most recent NAEP survey showed similar results to these
(NAEP, 2019).
The most recent NAEP science survey from 2015 found no significant difference between the
average scores for fourth-grade boys and girls in physical science. For eighth graders, boys
scored ahead of girls in all three areas, but generally by narrower margins than in the 2011
assessment (NAEP, 2015). For twelfth graders, boys outpaced girls by eight points in physical
science and nine in Earth and space sciences; in life science, there was no significant difference
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between the two groups (NAEP, 2015). In the TEL questionnaire offered to eighth graders, girls
outscored boys by five points (NAEP, 2018).
2020 AP exam statistics from the College Board showed boys scoring higher than girls in 10 out
of 12 STEM subjects. The exceptions were AB Calculus (boys had an average score of 3.04, girls
3.05) and computer science (3.01 and 3.22, respectively). Outcomes were most disparate in
Physics 1 (boys 2.76, girls 2.41), Chemistry (2.89 vs. 2.57) and Environmental Science (3.06 vs.
2.76) (College Board, 2020).
College
Women earn approximately 50 percent of STEM bachelor’s degrees (WMPD, 2019) and 40% of
all STEM degrees (Indicators, 2019). However, numbers of women vary greatly by field. The
majority of all degrees (bachelor’s, master’s, and doctorates) in psychology and biological
sciences are held by women, as high as 75% at each level in the case of psychology (WMPD,
2019). In mathematics and statistics, the percentages of women who receive bachelor’s,
master’s, and doctoral degrees declined or remained essentially unchanged between 2006 and
2016 (WMPD, 2019). In 2016, women earned less than 40% of the total degrees across the
physical sciences, with higher shares in chemistry (more than 45% of bachelor’s and master’s
degrees) and lower shares in physics (only 19.3% of bachelor’s and doctoral degrees and 22.1%
of master’s degrees).
Two other fields that demonstrate particular male-female disparities are computing and
engineering. According to Vital Signs, of the 188,623 computing degrees or certificates awarded
in 2017, 144,569 (76.6%) went to men and 44,054 (23.4%) went to women. Of the 179,694
engineering degrees or certificates, men earned 137,860, or 76.7%; women 41,834, or 23.3%
(Vital Signs, n.d.).
Analysis
The literature on the disparities faced by women and girls in STEM is vast. In the data
highlighted in this report, some assessments, particularly at the fourth and eighth grade level,
show little difference in performance between boys and girls or suggest that some gaps have
narrowed. However, data at the high school and college level continue to show pronounced
disparities, especially in fields like computer science, engineering, and the physical sciences.
Research suggests several reasons for these disparities. They include lack of support from
teachers and families, lack of mentoring and work-life balance, sexist stereotypes about
women’s aptitude for STEM, and unconscious or implicit bias (Hill et al., 2010; Corbett & Hill,
2015). While women of color have made gains in STEM fields, especially in psychology and
other social sciences, they remain especially under-represented in fields such as computer
science and engineering. As recently as 2008, for example, less than 3% of PhDs in computer
science and engineering were earned by women of color (Malcom & Malcom, 2011). Research
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suggests lack of faculty diversity and the rigid cultures and structures of many academic
institutions and departments create atmospheres that are particularly unwelcoming for women
from underrepresented minority groups (Malcom & Malcolm, 2011).
One way to draw greater attention to these disparities would be to create a set of national
equity indicators, as outlined in the National Academies’ 2019 report Monitoring Educational
Equity. The goal would be to “generate regular reports on the indicators and bring visibility to
the long-standing disparities in educational outcomes in the United States and should highlight
both where progress is being made and where more progress is needed” (National Academies,
2019, p. 11). The suggested indicators should pay special attention to the intersections that
place certain populations—such as women of color—at particular disadvantage.
Underrepresented Groups: African Americans, Hispanics, & Indigenous People
Data Findings
Primary and Secondary School
Disparities between different demographic groups in performance on assessments are
apparent as early as fourth grade. According to Vital Signs’ analysis of NAEP data, in 2019 52%
of white 4th-grade students scored at or above Proficient in mathematics, but only 20% of
Black, 28% of Hispanic/Latinx, 28% of Native Hawaiian/Other Pacific Islander, and 24% of
American Indian/Alaska Native students did. In eighth grade, 43% of white students ranked
Proficient or higher, compared to 13% of Black, 19% of Hispanic/Latinx, 21% of Native
Hawaiian/Other Pacific Islander, and 15% of American Indian/Alaska Native students. Similar
results are documented for both fourth and eighth graders in science (Vital Signs, n.d.; NAEP,
2019). TIMSS results show similar trends.
AP data also reveal significant disparities. In 2012, Black students constituted roughly 15% of
high school graduates, but less than 8% of the students who took an AP exam in a STEM subject
(Indicators, 2014). Hispanic/Latinx students were 18% of the 2012 graduating class, but 7-15%
of those taking AP exams in STEM, depending on the subject (Indicators, 2014). Of all students
who graduated high school in 2015, 14% took an AP exam in mathematics and 8% received a
score of 3 (“Qualified”) or higher. 6% of Black students took an AP math exam and 2% scored 3
or higher; 10% of Hispanic/Latinx students took an exam and 3% received a 3 or higher; 6% of
American Indian/Alaska Native students took an exam and 3% scored 3 or higher. The rates for
white students are 14% and 9% (Vital Signs, n.d.).
College
Underrepresented minorities are 37% of the college-age population (Vital Signs, n.d.).
According to one analysis of 2016 college graduates, underrepresented minorities received 22%
of bachelor’s degrees in STEM and 9% of doctorates (WMPD, 2019). Hispanics earned 13.5% of
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science bachelor’s degrees and 10% of engineering ones; African American students earned 9%
and 4%, respectively; American Indians or Alaska Natives, 0.5% and 0.3%; and Native Hawaiian
or other Pacific Islanders, 0.2% and 0.1% (WMPD, 2019). In computing, underrepresented
students earn a total of 24% of computing degrees/certificates; in engineering, 16% (Vital Signs,
n.d).
Analysis
For decades, researchers have pointed to the challenges faced by women of color and others
who share more than one identity that has historically faced discrimination, such as race,
ethnicity, disability status, LGBTQ+ status, and more—what today is often called
“intersectionality” (Malcom et al., 1976). The section above details several ways in which
African Americans, Hispanics, and Indigenous people do not have equal access to quality STEM
education and how women in particular experience what is called the “double bind” of being a
woman and a member of a minority group in science (Malcom et al., 1976). As of 2014, more
students of color (including African American/Black, Hispanic/Latinx, Asian, and Indigenous)
than white students were enrolled in U.S. public primary and secondary schools (National
Academies, 2019b). The fact that public schools are now majority minority—and the disparities
described above and their intersections—means that ensuring equitable access to quality STEM
education is of paramount importance not just for meeting the UNESCO Recommendation’s
goals, but also for the future of the U.S. scientific enterprise.
Research suggests several reasons behind these achievement gaps. Vital Signs points to the
numbers of students who do not complete high school or college. 84.1% of the 2014-15 high
school graduation class received their diplomas. Of high school graduates who enter a four-year
degree program, only about five out of eight (62.4%) graduate, and only 39.3% of high school
students who begin a two-year associate’s program complete it (Vital Signs, n.d.). However, as a
2016 National Academies report indicates, some of this data may be misleading, as many of
today’s students take less traditional academic paths. “Students are taking complex pathways
to earning STEM credentials, often transferring among institutions, entering and exiting STEM
pathways at different phases of their studies, and concurrently enrolling at more than one
institution…it seems important to consider multiple factors (e.g., student goals, course
completion, credit accumulation, time to and credits to degree, retention and transfer rates,
degrees awarded, range of access) along with graduation rates” (National Academies, 2016, p.
54).
Why do disparities begin so early? One factor may be limited classroom time spent on science.
In 2015, 53% of classes in grades 1-4 spent under three hours a week on science. The amount of
time spent on STEM subjects is important because some studies draw connections between
elementary school experiences and students’ career paths (National Research Council, 2013).
Access to experienced teachers is another factor. In 2015, 47% of white, 46% of Black, and 50%
of Hispanic/Latinx 8th-grade students had a science teacher with an undergraduate major in
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science. However, a more noticeable gap appears in math: in 2019, 32% of white, 27% of Black,
and 30% of Hispanic 8th-graders had a math teacher with an undergraduate major in
mathematics. 8th-grade white students are more likely (76%) to have a math teacher with at
least six years of experience, compared to 64% of Black students and 67% of Hispanics (Vital
Signs, n.d.). This disparity stems from residential segregation and students of color being more
likely to attend students with fewer resources (see below).
In high schools, many U.S. students do not have the option to take challenging math and
science courses. In 2013-14, 21% of white students attended schools that did not offer calculus,
and 14% schools that did not offer physics. For Black, Hispanic, and American Indian/Alaska
Native students, these figures are 32%, 25%, and 42% for calculus and 23%, 18%, and 34% for
physics (Vital Signs, n.d.). According to a 2016 analysis, only 22% of Indigenous 12th-graders are
enrolled in schools that offer computer science classes, and only 14% attend schools where the
Computer Science AP class is offered (Vital Signs, 2016). This lack of access in turn is connected
to disparities in standardized tests and other assessments.
Black, Hispanic/Latinx, and Indigenous students are also more likely to attend schools with
fewer resources. In 2015, 65% of white 8th-graders had science teachers who reported having
all or most of the resources they needed. The percentage was 50% for Black 8th-graders and
59% for Hispanic ones. As of 2015, 88% of white 8th-graders attended schools that had science
laboratories; 82% of Black and 86% of Hispanic students did. However, not all of those labs are
well equipped. According to a 2011 Department of Education survey, 62% of white eighthgraders attended schools that reported lab supplies and materials were available “to a large
extent.” This figure shrunk to 55% for Black students and 58% for Hispanic students (Vital Signs,
n.d.).
The persistence of racially segregated schools, with white students often concentrated in
schools with more resources and students of color concentrated in schools with fewer
resources, undergirds these disparities. As a 2019 National Academies report articulates, “Even
though courts acted to dismantle formerly lawful segregation [since the 1950s], segregation has
persisted in ways that did not reach the legal threshold for intervention and in the legally
permissible form of segregation resulting from factors such as housing restrictions and local
zoning ordinances. Consequently, racially segregated schools, separate and unequal, still exist
today” (National Academies, 2019b). In fact, the number of segregated schools appears to be
increasing. A 2016 Government Accountability Office (GAO) report found that the number of
“high-minority enrollment schools” (those where at least 75% of students are Black or
Hispanic/Latinx) rose to 16% in 2013-14, from 9% in 2000-2001 (GAO, 2016).
A closely related issue is socioeconomic status. A 2015 study found that the highest-poverty
school districts obtain around 10% less funding (which translates to $1,200 per student) from
state and local governments than the wealthiest school districts. Districts that serve the most
students of color obtain 15% less funding (translating to $2,000 per student) than school
districts with the largest proportion of white students (Ushomirsky & Williams, 2015). Schools
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that are under-resourced are less likely to be able to employ experienced teachers, offer as
many STEM courses, or afford high-quality equipment.
Poorer students of all backgrounds, including from rural areas, are less likely to have access to
advanced STEM courses such as APs. A 2012 survey found “the average number of both
mathematics and science courses available at low-poverty schools and suburban and urban
schools was about twice those available at high-poverty schools and rural schools” (Indicators,
2014). NAEP data shows lower science scores for 8th-graders and 12th-graders who are eligible
for free or reduced-price lunch. Within each demographic group, students not eligible for free
or reduced-price lunch performed between 13 and 27 points higher on the NAEP Science
assessment than students from the same group who were eligible (National Academies, 2019b).
Practices within schools may also reinforce existing disparities. One example is “tracking,” the
practice of putting students into different classes (such as basic or advanced) based on their
perceived ability in a subject. Tracking can amplify existing societal inequalities, leaving
students of similar race, sex, socio-economic status, or perceptions about learning abilities
concentrated in less rigorous classes. Once placed on these tracks, it becomes harder for these
students to catch up with their peers. “When students who experience difficulty are provided
with an inferior curriculum, they are certain to fall farther behind” (Burris et al., 2009).
The COVID-19 pandemic has also highlighted disparities in access to technology and advanced
math and science courses. Within just a few weeks after the pandemic forced schools to switch
to remote learning, teachers with greater numbers of low-income students were already more
likely to cite students’ lack of access to technology as a “major challenge” (Herold, 2020).
Districts that are in rural, urban, or high-poverty areas are less likely to be able to provide
online learning to all students (Herold, 2020).
The economic consequences of COVID-19, such as increased unemployment, disproportionately
affect people of color and may lead to disruptions in children’s lives such as food insecurity and
housing instability (Mitchell, 2020). These effects can have serious long-term impacts on
children, such as lower educational attainment (Mitchell, 2020). By exacerbating existing
inequalities, COVID-19 may make access to quality STEM education for all American children
even more challenging.
An important action for the U.S. Departments of Justice and Education should be to make more
frequent use of sources such as the Civil Rights Data Collection to keep track of disparities and
monitor school segregation, with a particular eye to how the pandemic has affected these
trends. While written in 2016, the GAO report K-12 Education: Better Use of Information Could
Help Agencies Identify Disparities and Address Racial Discrimination provides helpful guidance.
People with Disabilities
Data Findings
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Primary and Secondary School
NAEP data allows comparison between students with and without disabilities. For the 4th-grade
mathematics assessment in 2019, the average score gap between the two groups was 31 points
(245 for non-disabled students, 214 for disabled ones). In 2003, the gap was 23 points (237 for
non-disabled students, 214 for disabled ones), meaning that scores for disabled students have
stagnated and that the disparity has widened over time (NAEP, 2019). The score gap for 8th and
12th grade was similarly wide: 40 and 35 points, respectively (NAEP, 2019). In science, in 2015
18% of disabled 4th-graders scored “Proficient” or above, compared to 41% among nondisabled students. Similar gaps were found in 8th (11% vs. 37%) and 12th grade (9% vs. 23%).
Disabled students are estimated to represent approximately 14% of public school enrollment
and 12% of secondary school enrollment, but just 1% of students who take AP classes
(Schaeffer, 2020; DeWitt et al, 2020). The author of this section was unable to find sufficient
data to assess any disparities in disabled students’ performance on AP STEM exams.
College
In 2016, nearly 20% of undergraduate students reported having some kind of disability.
Because definitions of disability vary and the wording of surveys that measure disability (such
as the American Community Survey) have changed over time, it is difficult to assess trends
using the available data about disability. According to one study, 28% of undergraduate
students with disabilities were enrolled in STEM courses, a rate similar to non-disabled students
(WMPD, 2019).
Analysis
As the above data show, disparities are apparent in performance between disabled and nondisabled students in STEM subjects and enrollment in advanced STEM courses. However, the
lack of disaggregation among disabilities makes interpreting the data challenging. As with any
group, people with disabilities are not monolithic, and further data could better establish
whether students with certain kinds of physical disabilities, for example, perform differently
than students with cognitive disabilities.
One potential solution is to expand major federal data sources such as IPEDS to include data
not just about race, ethnicity, and gender, but also about disability and issues such as
socioeconomic status. More data will permit greater understanding of questions such as how
long disabled people take to complete courses and degrees, how many STEM educators and
students are disabled, and more (for more specifics about how this proposal could be
implemented by the U.S. government or a contractor, see National Academies, 2018a).
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Even without this data, several reasons why people with disabilities do not currently enjoy
equitable access to quality STEM education are clear. Studies have demonstrated the role of
factors such as limited access to STEM courses, a lack of mentorship opportunities, and a dearth
of the personalized support that many students with disabilities need (Dunn et al., 2012). Other
studies point to the roles of a rote, textbook-based teaching style and lack of skills, knowledge,
and effective teaching strategies among science teachers who work with students with
disabilities (Lee & Erdogan, 2007; Mumba & Chitiyo, 2008).
Research also suggests that trends among students with disabilities mirror disparities among
other marginalized populations in STEM. Female STEM majors with disabilities are underrepresented across two-year, four-year, and other postsecondary institutions. However,
disabled students from poorer backgrounds may be more likely than non-disabled students to
pursue STEM majors. “People with disabilities from lower-income backgrounds seemed to
make greater efforts on increasing employment opportunities compared to their peers from
higher-income backgrounds. Many people with disabilities, particularly those who are
economically disadvantaged, attempt to participate in STEM workforce occupations in spite of
the challenges often faced in their learning process” (Lee, 2014, p. 268). This finding indicates
the importance of providing academic and career resources that meet disabled students’ needs
(Lee, 2014).
LGBTQ+ Populations
Data Findings
Insufficient data are readily available to assess disparities experienced by LGBTQ+ students in
STEM at the K-12 level. A key reason is that NCES data does not currently include information
about LGBTQ+ status (American Educational Research Association (AERA), n.d.).
Analysis
Research suggests that LGBTQ+ students are more likely than the national average to drop out
of high school. Of those who drop out, many cite bullying and harassment from other students
as the principal reason. According to research from 2012-2014, as many a third of LGBTQ+
students reported skipping at least one day of school in the past month due to fears about their
safety (AERA, n.d.). On the other hand, other studies suggest that bullying may actually lead
some LGBTQ+ students to focus more on academic achievement (National Academies, 2020b).
Another factor that may impede STEM achievement for LGBTQ+ students of color is that they
are more likely to be subjected to disciplinary action in school. “Qualitative studies have
documented the ways that gender, race, and sexuality intersect to disadvantage youth who are
gender nonconforming: for example, Latinx girls whose gender expression is masculine may be
perceived by teachers as threatening, while Black boys whose gender expression is feminine
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may be disciplined for their dress, behavior, or expression” (National Academies, 2020b, p.
234).
At the university level, available data suggests that LGBTQ+ students may be more likely to
leave STEM fields than their non-LGBTQ+ peers. A 2018 study in Science Advances reported that
7% fewer LGBTQ+ sexual minority students remained in STEM fields than non-LGBTQ+ students
after four years of college. After controlling for other factors, the percentage rose to almost
10% (Hughes, 2018). Another study found that men in same-sex couples were 12% less likely to
finish an undergraduate degree in STEM than men in different-sex couples. However, the
author found no such gap when comparing women in same-sex and different-sex relationships
(Sansone & Carpenter, 2020).
More data is needed to be able to draw firm conclusions. However, the studies cited above
suggest that disparities may be greater for people within the LGBTQ+ community, such as
LGBTQ+ people of color, with intersecting, historically marginalized identities. The finding that
women in same-sex couples are more likely than men in same-sex couples to complete a STEM
bachelor’s degree may be due to stereotypical perceptions about masculinity embedded in the
field (Hughes, 2018; Sansone & Carpenter, 2020).
In order to generate better data, the government should recognize that current federal surveys
often use inconsistent terminology and provide little information about transgender and
intersex people. LGBTQ+ communities should not be viewed monolithically and research should
acknowledge the differences among individuals and groups often placed under one umbrella
(National Academies, 2020b). Including questions about sexual orientation and gender identity
in the various surveys described in this report will help foster a better understanding of the
diverse LGBTQ+ experiences with access to STEM education, as well as intersections with other
identities, such as race or disability, that affect the experiences of LGBTQ+ individuals (National
Academies, 2020b; AERA Research Recommendations, n.d.).
Again, Fostering a Culture of Respect
One area that is beyond the scope of this report but deserves mention is the connection
between DEI efforts and the responsibilities of researchers. Too often in U.S. history, from the
exploitation of Indigenous traditional knowledge to medical experimentation on African
Americans, scientists have failed to respect the rights of marginalized populations (Washington,
2006; Hansen, 2018). This history and the concomitant lack of trust in science and scientists
poses a significant challenge for communicating with the public about the COVID-19 vaccines
and other issues where such trust is essential.
A related issue, also beyond the scope of this report but one that deserves brief mention here,
is the lack of diversity among those who develop and make decisions about the implementation
of new technologies. Research suggests a relationship between the largely white and male
workforce of fields such as artificial intelligence and the development of technologies that
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reinforce historical discrimination, such as facial recognition tools that disproportionately fail to
recognize people of color or risk assessment tools that pinpoint criminal defendants from
minority groups as “higher risk” to commit further crimes (West et al., 2019; Schwartzappel,
2019). These two examples highlight the importance of assessing the impacts of science on
marginalized populations before new technologies enter into wide use.
Advancing diversity, equity, and inclusion in science means building a culture of respect for all.
This effort will require an awareness of past wrongs, humility and a willingness to listen on the
part of scientists, and a clear-eyed understanding by decision-makers of the promise and peril
inherent in new scientific discoveries.
Recommendations
22. Develop a national set of educational equity indicators, as outlined in the National
Academies’ 2019 report Monitoring Educational Equity.
23. Enhance U.S. government monitoring of educational disparities.
24. U.S. government data collection should include more disaggregated data about
disability to allow for more nuanced analysis and targeted interventions.
25. Expand and revise federal data collection efforts to include more information about
sexual orientation and gender identity.
26. Construct a student-unit data system that would allow for increased understanding of
how various subgroups are served (or not served) throughout the broader STEM talent
development pathways.

Scientific literacy/public understanding of science
The UNESCO Recommendation
“Member States should lend their support to all educational initiatives designed to…
strengthen all sciences, technology, engineering and mathematics education, in schools
and other formal and informal settings.” (Recommendation III, 14(a))
A Note about Data and Definitions
The data in this section are drawn primarily from the NSF Science & Engineering Indicators
series of reports, Pew surveys, and scholarly journal articles.
Data Findings
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Where does the public get its information?
Within the NSF Science & Engineering Indicators series, researchers have been surveying the
American public’s understanding of basic scientific concepts for a few decades now. The series
typically takes place every two to three years and approximately 2000 American adults are
surveyed each time. Survey questions pertaining to public understanding tend to focus on the
physical and biological sciences. For example, in 2018, 46% of those surveyed answered
correctly that “Electrons are smaller than atoms” (Indicators, 2020). During the same year, 50%
of those surveyed correctly indicated that it is false that “Antibiotics kill viruses as well as
bacteria.” A 2019 study by the Pew Research Center indicates that there may be an important
connection between scientific knowledge and education level; this was assessed through a 10question survey on a range of scientific topics including antibiotic resistance and how the
scientific process works (Kennedy & Hefferon, 2019).
An article by Falk and Dierking in American Scientist (2010) included a figure showing that, on
average, only about 5% of an American’s lifetime is spent in the classroom and only a small
fraction of that is spent on science education. A 2009 report published by the National
Academies Press considered all the “places” where science learning occurs, including science
centers, zoos, aquariums, botanical gardens, and planetariums (National Research Council,
2009). This is all part of what is called informal science education (Sacco et al., 2014).
The American public primarily obtains its information about science and technology from the
Internet and television. “In 2018, 57% of Americans cited the Internet as their primary source of
S&T information” (Indicators, 2020). This is consistent with the general trend towards the
public obtaining a greater amount of its information from the Internet during the 21st century.
According to a 2017 Pew Research Center study of Americans, 54% of survey participants
indicated that their main source of science news is from a “general news source” (Gottfried &
Funk, 2017). Interestingly, just 28% of those surveyed indicated that “general news outlets get
the facts right about science almost always or more than half of the time” (Gottfried & Funk,
2017).
Methods for communicating science
There are many methods for communicating scientific information, including through different
media platforms such as newspapers, radio, television, and the Internet. While intermediaries
(i.e., not scientists themselves) often convey scientific information, scientists frequently make
use of some of these outlets themselves (e.g., a biologist hosting a blog or an online chat).
Moreover, scientists often take part in community events such as visiting a local school or
museum.
There are many target audiences for scientific information such as professionals (e.g.,
physicians), policymakers, and the public. The level of complexity and depth of scientific
information shared is usually tailored toward the target audience. For example, a scientific
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hypothesis is likely to be presented in much more technical detail in a scholarly journal article
when the assumed audience is other scientists as compared to a discussion of the hypothesis
during an interview with a journalist.
Increasingly, scientists are using social media to communicate their science to diverse
audiences. A survey conducted in 2015 found that 24% of scientists associated with the
American Association for the Advancement of Science have blogged about science and that
47% have used social media to discuss or follow science (Pew, 2015b).
Analysis
Science literacy is associated with overall literacy. There is a large body of literature on
strategies to improve general literacy as well as specific literacy skills, such as health literacy or
science literacy. Authors of a review of literature on the provision of science experiences to
increase science literacy published between 2007 and 2017 concluded that there is a lack of
studies related to teacher research experiences for K-12 teachers and subsequent impact of
those practices (Krim et al., 2019).
In terms of scientists’ communication with the public, many professional organizations have
professional codes of ethics that address the reporting of research results. One example is the
American College of Epidemiology, which states “All research findings and other information
important to public health should be communicated in a timely, understandable, and
responsible manner so that the widest possible community stands to benefit” (American
College of Epidemiology, 2000). This ethical guideline is further clarified: “epidemiologists
should strive to ensure that, at a minimum, research findings are interpreted and reported on
accurately and appropriately. The goal should be to communicate research findings in ways that
allow full use of the information for the public good.”
The challenge among scientists, generally, is a lack of training in how to communicate their
science. Alan Alda Center for Communicating Science, housed at Stony Brook University,
provides an example of an academic center dedicated to empowering scientists to more
effectively communicate and build trust with diverse audiences, including non-scientists. In
addition to workshops and other professional development opportunities, the Center offers a
Graduate Certificate and also a Masters in Science Communication.
Recommendations
27. National education standards and guidelines should be updated to reflect the most
recent pedagogical, evidence-based understanding of science literacy and how best to
achieve it at all levels of education and within broader society.
28. Graduate programs should include elements in the curriculum about scientific
communication for various audiences, including the public; this should be
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offered/could be considered for undergraduate programs as well.
29. The U.S. government and scientific institutions should encourage and recognize, such
as through additional funding, awards, or merit-based recognition, time and expertise
devoted by scientists to public communication of science.
30. With adequate resources provided by the US government, federal employees and
those funded by federal sponsors should be encouraged to take training related to
scientific communication and be encouraged to clearly and consistently communicate
with the public.
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5. Freedoms, Rights, and Responsibilities of Researchers
The Recommendation articulates eight broad “responsibilities and rights of scientific
researchers” which, when viewed as a whole, encompass both traditional ethical
responsibilities of scientists as well as broader social responsibilities. According to AAAS,
“Scientific freedom is the freedom to engage in scientific inquiry, pursue and apply knowledge,
and communicate openly” (AAAS, 2010). Scientific freedom can include the ability to undertake
scientific activities without the threat of political or other forms of interference. At times, a
government official, for instance, might seek to limit the ability of scientists to conduct their
research or share their findings openly. But this can be problematic, especially when such
restrictions could detrimentally impact the public’s well-being.
The main focus of this section is to address some of the most pressing ethical and social
responsibilities of scientists, while recognizing that laws of the United States as well as codes
adopted by diverse scientific disciplines recognize specific ethical responsibilities of scientists,
but nowhere have the social responsibilities of scientists been specifically identified. Among the
responsibilities that scientists have are to respect and protect the rights of human participants
in research (Common Rule, 2018; Belmont Report, 1979) and to adhere to ethical guidelines
and regulations pertaining to the use of animals in research (Animal Welfare Act, 1966; Public
Health Service Policy, 2015). Yet the obligations that scientists have to research subjects will not
be a focus in this report.
A 2009 report published by the U.S. National Academy of Engineering recommended that
“Educational institutions and [government] agencies that support ethics education should
encourage and reward programs that…teach the social responsibilities of science and
engineering…and that integrate the issues of social responsibility and [the responsible conduct
of research]” (p. 38). Almost ten years later, the National Science Foundation’s Strategic Plan
for 2018-2022 recognized the value of a STEM workforce “equipped with up-to-date knowledge
and the experience needed to address society’s current and future challenges” (p. 19).
Ad hoc research in the United States has addressed the question of the social responsibilities of
scientists and engineers in specific fields. For example, a study by Corley et al. (2016) of 444
scientists working in the realm of nanotechnology indicated that respondents had a “moderate
level of social responsibility about their research.” More recent studies have focused specifically
on the views of engineering students concerning their social responsibilities, and attempts have
also been made to assess student attitudes regarding their social responsibilities as future
professionals (Lathem et al., 2013; Schiff et al., 2020).
AAAS defines scientific responsibility, a concept related to social responsibility, as “the duty to
conduct and apply science with integrity, in the interest of humanity, in a spirit of stewardship
for the environment, and with respect for human rights” (AAAS, 2010). Socially responsible
science thus has aims that include but go beyond producing accurate scientific knowledge,
furthering various social values. AAAS is currently undertaking a global study to determine what
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scientists and engineers believe to be their social responsibilities, the sources of their views,
and what influences their ability to exercise their responsibilities. The study includes a U.S.focused component, one aim of which is to inform future policy deliberations about the social
responsibilities of scientists. In the meantime, whether and the extent to which scientists have
responsibilities that go beyond their ethical responsibilities to research subjects, colleagues and
others directly within their sphere, along the lines of the responsibilities identified in the
UNESCO Recommendation, remains a topic of debate and discussion.

Reproducibility
The UNESCO Recommendation
The UNESCO Recommendation calls on member countries to create appropriate means to
address scientific ethics, such as promoting researchers’ awareness of professional ethics,
conflict of interest, and the potential ramifications of their work (Recommendation II, 5(d);
Recommendation III, 14(c), (d)(ii)).
A Note about Data and Definitions
As used here, the term scientific reproducibility includes the following components (list
adapted from Prager et al., 2019):
a) Methods reproducibility—complete and transparent reporting of information required for
another researcher to repeat protocols and methods (Goodman et al., 2016), including
specific information on the reagents used and how those reagents were authenticated.
b) Results reproducibility—independent attempts to reproduce the same or nearly identical
results with the same protocols in a different laboratory.
c) Rigor—applying the scientific method in a manner designed to ensure an unbiased
experimental design, analysis, interpretation, and reporting of results.
d) Transparency—making all of the methodology, including the experimental design, reagents,
data collection, coding, analysis, and tools used in data analysis, clearly visible to all readers,
taking into account necessary protections for classified, confidential and/or personal
information.
e) Randomization—the random allocation of participants/subjects to different experimental
conditions or the order of sample collection to minimize the possibility of subjective
influence in the assignment of subjects or unmeasured variables that might influence the
outcome.
f) Blinding—the investigator and research team are unaware of the group to which the
subject was allocated, from the beginning of the study through analysis completion.
Additional significant components of an effective and responsible reproducibility framework
include records and data management, preventing inappropriate data manipulation, and
systems for reporting concerns about scientific misconduct.
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Data Findings
In the past two years, the US National Academies of Sciences, Engineering, and Medicine have
held multiple workshops on the topic that brought together many stakeholders to discuss the
topic of scientific reproducibility. The proceedings of this most recent workshop outline
numerous recommendations, several of which form the basis of the recommendations herein,
as well as the sources of many of the citations (National Academies, 2020a).
Analysis
Reproducibility has come to be seen as having a fundamental role in scientific discovery. This
viewpoint was expressed succinctly by the philosopher of science Karl Popper in his classic book
The Logic of Scientific Discovery, who stated that “non-reproducible single occurrences are of
no significance” (Popper, 1959). A more nuanced view was presented more recently by Sabina
Leonelli (2018), who argues that “the uncritical pursuit of reproducibility can in some cases be
misleading and potentially damaging to scientific advancement.” She notes, for example, that
there are natural phenomena that are of significant scientific interest precisely because they
are rare. Furthermore, different fields (such as the humanities and social sciences) can have
varying notions of reproducibility, and reproducibility requirements can be one of many ways to
produce reliable research (Leonelli, 2018).
Until fairly recently, there was a widely held belief that science is inherently self-correcting, and
that important scientific discoveries would be replicated in the course of carrying out further
research which builds upon them. As a result, those discoveries which are not found to be
reproducible would be identified and discarded. However, a series of high impact publications
in the past decade has raised serious questions about this set of assumptions, documenting a
striking lack of reproducibility of studies in the biological sciences, including cancer research
(Begley & Ellis, 2012), drug discovery (Prinz et al., 2011), and behavioral sciences (Andrews et
al., 2018).
Collectively, these data demonstrate that the lack of reproducibility in science is a serious issue
that cuts across multiple scientific domains, and one that requires a response from multiple
stakeholders, including educational Institutions, funders of research, including government and
private, as well as practicing scientists and scientific societies. In response to these findings,
each of the different stakeholders has in fact responded with various initiatives to improve
reproducibility, including governments (Landis et al., 2012), and scientific journals (Prager et al.,
2019).
Multiple strategies exist that would support reproducibility. One important strategy is
mandatory training for students and junior researchers and, optimally, for all scientific mentors,
including established investigators. Participation of senior investigators is important to increase
the effectiveness of training for junior investigators, to ensure best practices are embraced and
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reinforced, and because in practice senior investigators are most commonly the people who
provide training on these topics, albeit informally (Begley et al., 2015).
Another effective strategy for increasing reproducibility is to support independent replication of
key experimental findings. For practical reasons, this is not possible nor recommended for
every publication. However, it may be appropriate for particularly controversial or novel
findings of broad significance, as well as for translational studies that are intended to provide
support for future clinical trials. The recent National Academies workshops suggested that
independent replication may be warranted if the results of the original study are to be used in
making decisions of consequence (e.g., policy, clinical, or investment decisions); if the original
study produced controversial or unexpected results; if the original study is flawed (e.g., design,
methods, analysis); or if “the costs of replication are offset by the potential benefits for science
and society” (National Academies, 2020a). Notably, an analysis of the problem indicates that
the cumulative (total) prevalence of irreproducible preclinical research results in approximately
$28 billion spent per year in the U.S. on preclinical research that is not reproducible (Freedman
et al., 2015). The NIH Somatic Cell Genome Editing program has incorporated a requirement for
independent replication as a condition for progressing from one stage of funding to a second
stage, and funds independent animal testing centers for the purpose of replication (Saha et al.,
2021).
Another strategy is the use of checklists (for an example, see Nature Publishing Group, 2015),
which facilitates standardization of reporting and also emphasizes best practices for the design
of experiments to reduce bias and facilitate reproducibility. While this checklist is for
publication in a scientific journal, it can be adapted for other uses, such as in applications for
research funding, or incorporated into the evaluation of ongoing research.
In the clinical research sphere, in particular, registration of experiments can serve not only to
reduce duplicative research, but also to increase the quality of preclinical data that is the basis
of subsequent drug development and clinical trials. One example of a site to register preclinical
studies is https://preclinicaltrials.eu/. While much of the focus of preregistration of studies has
been on preclinical and translational research, the general approach may be applicable to other
scientific fields that involve hypothesis testing (Chambers et al., 2014). Admittedly, however,
this approach is not applicable to basic or discovery research.
Scientific journals serve a vital function in the implementation of requirements and standards
for reporting not only research findings, but the research materials, data and analysis that
underpin those findings. In recognition of that role, in December 2017, a working group of
journal editors in the life sciences and other experts in reproducibility came together to
elaborate minimum standards intended to enhance transparency in reporting (Chambers et al.,
2019). Such standards have the potential to contribute to reproducibility and are relevant
across the scientific disciplines beyond the life sciences. The “FAIR Guiding Principles for
scientific data management and stewardship” is an example of such standards that apply across
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disciplines, aiming to improve the Findability, Accessibility, Interoperability, and Reuse of digital
assets (GO FAIR, n.d.).
Recommendations
31. Institutions should require training in scientific reproducibility for researchers at all
levels, including the utilization of checklists to facilitate best practices in experimental
design, reporting of scientific experiments, data management and archiving.
32. For funders: Provide funding for independent replication of a limited number of
critical finding studies.
33. Consideration of a registry for at least some preclinical animal studies that are
intended to support drug development and clinical trials.
34. Scientific data and metadata should be generated and maintained according to the
FAIR Principles (Findability, Accessibility, Interoperability, and Reuse of digital assets).

Bias
The UNESCO Recommendation
“[I]n order to remediate past inequalities and patterns of exclusion, [Member States
should] actively encourage women and persons of other under-represented groups to
consider careers in sciences, and endeavour to eliminate biases against women and
persons of other under-represented groups in work environments and appraisal.”
(Recommendation III, 13(c))

A Note about Data and Definitions
The data from this section are from peer-reviewed literature and federal agencies.
Data Findings
Evidence-based medicine requires valid evidence upon which to make informed decisions.
Research abuses against under-represented groups and people of color have led to mistrust of
researchers and reticence to participate in medical research. The NIH Revitalization Act of 1993
mandated appropriate inclusion of women and minorities in all NIH-funded research (NIH,
2017).
Analysis
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A review of National Cancer Institute (NCI)-sponsored clinical trials found that less than 2% of
the NCI clinical trials focused on any racial/minority population as their primary emphasis.
Other findings included: most minority racial/ethnic groups are under-represented relative to
their burden of cancer in the population; barriers to enrollment in cancer clinical trials persist,
including mistrust, costs, transportation, differences in cultural perspectives, lack of awareness
in available trials or clinical trials as a therapeutic option; physician neglect in inviting patients
to consider participation in a clinical trial; linguistic barriers and (English) language proficiency;
and differences in culture and cultural considerations (Chen Jr. et al., 2014).
In a study of racial/ethnic minority enrollment into HIV preventive vaccine trials in the US
conducted from 2002-2016, researchers found that, although there has been an increase in
participation by racial/ethnic minority groups, participation still does not proportionally reflect
the number of new HIV cases in racial/ethnic minorities (Huamani et al., 2019). A comparison
with the demographic subgroups of participants enrolled in clinical trials of novel drugs
approved in 2018 (U.S. Food and Drug Administration, 2019) compared with U.S. Census data
reveals under representation of Black or African Americans, Hispanics, and people aged 65 and
older in clinical trials relative to their distribution in the US population (U.S. Census Bureau,
2019). In sum, although statistics are improving, racial/ethnic minorities remain
underrepresented in medical research.
Recommendations
35. The U.S. government should track participation by race/ethnicity and other
demographic features in federally funded research.
36. Require stakeholder engagement in publicly funded medical research.
37. The federal government should consider funding research with underrepresented
groups to understand their concerns related to research participation.

Scientific integrity
The UNESCO Recommendation
The UNESCO Recommendation calls on member countries to ensure that:
“In order to have a sound science, technology and innovation system integrated to their
effort, Member States should establish and substantially strengthen human and
institutional capacities, including by…establishing suitable means to address the ethics
of science and of the use of scientific knowledge and its applications, specifically
through establishing, promoting and supporting independent, multidisciplinary and
pluralist ethics committees in order to assess the relevant ethical, legal, scientific and
social issues related to research projects involving human beings, to provide ethical
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advice on ethical questions in research and development, to assess scientific and
techno- logical developments and to foster debate, education and public awareness and
engagement of ethics related to research and development.” (Recommendation II, 5(d))
“Member States should have regard for the fact that effective scientific research calls
for scientific researchers of integrity and intellectual maturity, combining high,
intellectual qualities and respect for ethical principles.” (Recommendation III, 12)
“Member States should lend their support to all educational initiatives designed to…
incorporate or develop in each domain’s curricula and courses the ethical dimensions of
science and of research.” (Recommendation III, 14(c))
[See also Recommendation III, 14(d)(ii))
A Note about Data and Definitions
The data in this section are primarily from the federal agencies and scholarly journal articles.
The definition of research misconduct discussed in this section is from the Office of Science and
Technology Policy (OSTP). The definition of responsible conduct of research (RCR) is from the
National Institutes of Health (NIH). While some scholars might define the terms “RCR,”
“research ethics,” and “research integrity” interchangeably, others mean different and distinct
things by each of these terms. For the purposes of this section, the term RCR will primarily be
used.
Behaviors that erode the quality and integrity of research
Many types of behaviors can erode the quality and integrity of research. These include allowing
there to be a toxic or disrespectful research environment and sloppy research practices such as
failing to record document details related to an experimental setup. Yet at a federal level,
policies from agencies tend to focus primarily on a subset of misbehaviors referred to as
research misconduct, as well as safeguards against the partisan politicization of federal science.
A common term of art for misbehaviors that do not reach the level of research misconduct is
Detrimental Research Practices (DRPs), a phrase used in the National Academies of Sciences,
Engineering, and Medicine’s Fostering Integrity in Research report (National Academies, 2017).
Examples of DRPs include exploiting trainees or providing them with inadequate mentoring.
Federal definition of research misconduct
The primary definition of research misconduct at the federal level is from OSTP: “Research
misconduct is defined as fabrication, falsification, or plagiarism in proposing, performing, or
reviewing research, or in reporting research results” (OSTP, 2000). Fabrication, in this context,
refers to “making up data or results and recording or reporting them” (OSTP, 2000).
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Falsification involves “manipulating research materials, equipment, or processes, or changing or
omitting data or results such that the research is not accurately represented in the research
record” (OSTP, 2000). Plagiarism involves the inappropriate reuse of another person’s ideas or
phrases.
The three behaviors delineated in the OSTP policy, sometimes referred to as FFP, are usually
mentioned in the policies of other countries, such as Ireland (Research Integrity National
Forum, 2019). Yet depending on the country, other behaviors, such as conflict of interest, might
be included within the definition of research misconduct.
Data Findings
Research misconduct occurrence
It is difficult to determine how frequently research misconduct happens in part because there
are many reasons why scientists, their organizations, or other entities are reluctant to report it.
Also, at least some of the incidents might be handled internal to the research team or within
the relevant organization, and not be reported to an external entity (Koocher & Keith-Spiegel,
2010). Moreover, research misconduct can be difficult to detect. However, some of what is
known about the frequency of research misconduct emerges from information provided by
federal funding agencies.
NSF releases statistics on research misconduct cases within its semiannual reports to the U.S.
Congress. For example, it reported that it was aware of 49 research misconduct allegations in
2018 and 38 allegations in 2019 (NSF Office of the Inspector General, 2020). Out of those
allegations, there were 14 findings of misconduct in 2018 and 6 findings in 2019. Such statistics
provide some sense of scale but only reflect projects being considered for funding or that have
been funded by that agency.
The U.S. Department of Health and Human Services (HHS) Office of Research Integrity (ORI)
publicly lists cases of misconduct pertaining to research funded by the U.S. Department of
Health and Human Services while the “administrative action” against the guilty party is ongoing
(ORI, 2021a). However, the case is removed from the list when the administrative action has
concluded. Approximately 10 people each year will be found guilty of misconduct pertaining to
HHS research.
According to a metanalysis by Fanelli (2009), “on average 2% of scientists admit to have falsified
research at least once and up to 34% admit other questionable research practices.” Fanelli
notes approximately 14% of those surveyed report having observed colleagues who have
inappropriately manipulated or fabricated data.
Cost of research misconduct
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The costs associated with a case of research misconduct, including the time and effort to
investigate it, can be in the hundreds of thousands of dollars (University of Washington Health
Sciences/UW Medicine 2014). Michalek et al. (2010) provide a direct cost estimate of a single
case of misconduct as being $525,000. If expenses associated with handling cases are
combined, misconduct is costing the U.S. millions of dollars per year (Reich, 2010).
Analysis
Government statements on scientific integrity
In November 2020, the Congressional Research Service released a report titled “Federal
Scientific Integrity Policies: A Primer.” The report provides an overview of scientific integrity
policies promulgated by various U.S. federal agencies. Scientific integrity policies are usually
different in substantive ways than a policy pertaining to RCR. The former is usually broader in
scope, including describing conditions governing the development and communication of
scientific information by federal scientist and non-scientist actors at the science-policy
interface, whereas the latter more narrowly focuses on research-related matters. In addition,
the White House (2021a; 2021b) has recently released memos directing federal action to
strengthen scientific integrity and the use of science in decisionmaking. Moreover, the White
House has requested of OSTP that it facilitate the creation of “an interagency Task Force on
Scientific Integrity of the National Science and Technology Council (NSTC) to review the
effectiveness of scientific integrity policies across the Federal Government” (OSTP, 2021).
Federal policies on RCR
Three federal funding agencies have put forward policies on the Responsible Conduct of
Research: NSF, NIH, and the U.S. Department of Agriculture (USDA) National Institute of Food
and Agriculture (NIFA). The NIH defines RCR “as the practice of scientific investigation with
integrity. It involves the awareness and application of established professional norms and
ethical principles in the performance of all activities related to scientific research” (NIH, 2009).
The NSF and NIH RCR policies largely apply to trainees (including students and postdocs) funded
through certain categories of awards from the agencies. The policy from NSF covers all
undergraduates, graduate students, and postdocs funded to conduct research (NSF, n.d.). The
policy from NIH largely focuses on trainees as well, but who is specifically required to complete
the training is determined by funding mechanism within the agency. The USDA NIFA policy
expands the scope of who is required to complete RCR training beyond trainees to include
faculty, staff, and others funded by a NIFA award (NIFA, n.d.).
RCR/research integrity curriculum in the U.S.
Although scholars may disagree on the scope and goals of RCR (Kalichman, 2014), the RCR
curriculum, in terms of the topics covered, is significantly shaped by ORI and NIH. ORI has
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outlined nine core topic areas, including Mentorship, Peer Review, and Data Management, that
are often covered in courses or other educational opportunities pertaining to RCR (ORI, 2021b).
NIH built on that foundation and expanded on the topics within its RCR policy, adding areas
such as “safe laboratory practices” and “the scientist as a responsible member of society” (NIH,
2009). These two branches of HHS have had a significant influence on what academic
institutions cover in terms of RCR content.
For approximately a decade, NSF has had a grant program that supports the development and
implementation of ethics and RCR educational materials. An earlier iteration of the funding
solicitation was entitled Ethics Education in Science and Engineering (EESE) (NSF, 2011). A key
aim of the current version of the program, entitled Ethical and Responsible Research (ER2),
aims to “produce knowledge about what constitutes or promotes responsible or irresponsible
conduct of research, and how to best instill this knowledge into researchers and educators at all
career stages” (NSF, 2019).
While many countries (such as Ireland and Australia) have issued reports or statements on the
importance of RCR or research integrity, a formal requirement for RCR training appears to be
rather rare globally (Research Integrity National Forum, 2019; Australian Government, 2014).
Just focusing on the U.S., only a subset of federal agencies requires some form of RCR/research
integrity training for researchers that they fund.
Research misconduct in the U.S. and globally
Given the gaps in knowledge about the occurrence of research misconduct, it is difficult to
determine how the U.S. compares to other countries. Yet there are some efforts, including in
the health sciences, to try to close the knowledge gaps about its prevalence (Artino et al.,
2019). Determining where specifically research misconduct is taking place is complicated by the
increasing number of international collaborations. Moreover, federal funding agencies within
the U.S. and globally adopt varying approaches to disclosure of information pertaining to
research misconduct cases.
Recommendations
38. Federal sponsors should develop or modify funding policies to make clear that all
members of a research team should participate in professional development activities
including or related to research practice and research integrity.
39. Federally-funded academic institutions should include education on the ethics of
research in all STEM programs at both the undergraduate and graduate level and
develop strategies for transforming institutional cultures to more effectively integrate
ethical concerns.
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40. U.S. government agencies, academic institutions, publishers, and scientific
organizations should work toward greater alignment of policies on research
misconduct and scientific integrity, procedures, and accountability mechanisms, in
order to ensure consistent expectations and enforcement across the scientific
community.

Quality science
The UNESCO Recommendation
“(a) the following are the recommended responsibilities and rights of scientific
researchers:
(vi) to disclose both perceived and actual conflicts of interest according to a recognized
code of ethics that promotes the objectives of scientific research and development…”
(Recommendation IV, 16 (a)(vi)).

A Note about Data and Definitions
The data in this section are primarily from scholarly journal articles.
Data Findings
Retractions
A retraction refers to a situation in which an already published work is marked by the publisher
as “retracted” but remains discoverable. According to an analysis of retractions reported in
Science magazine in 2018, about half of retractions involve fabrication, falsification, or
plagiarism. Another ten percent are the result of “forged authorship, fake peer reviews, and
failure to obtain approval from institutional review boards” for research involving human
subjects or animals. About 40% of papers are retracted for reasons such as errors, problems
with reproducibility, and other issues not considered scientific misconduct (Brainard & You,
2018).
While recognizing that retractions frequently occur for reasons for human error, retractions are
often used as an imperfect proxy, among many other measures, for determining the quality of
scientific research being conducted. The frequency with which retractions occur may be a
partial gauge for whether scientists are upholding proper research practices. Retraction Watch
(retractionwatch.com) is a website that draws attention to cases where journals or other
entities have removed papers from the published literature. It maintains a “Leaderboard” of the
individuals who have the most retractions.
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In 2011, Van Noorden noted, “In the early 2000s, only about 30 retraction notices appeared
annually. This year, the Web of Science is on track to index more than 400…even though the
total number of papers published has risen by only 44% over the past decade” (Van Noorden,
2011). It can be difficult to determine why the increase occurred but some possible
explanations include a growing number of journals, a potential increase in author misbehavior,
or increased diligence by journals in seeking to identify problems in published works. Brainard
and You claim that retractions are “relatively rare: only about four of every 10,000 papers are
now retracted” (Brainard & You, 2018). They remark that the sheer number of retractions
continues to grow, which may indicate that journals are implementing better oversight
mechanisms.
Fang et al. (2012) conducted a review of references in the PubMed database retracted as of
May 2012 and found that only 21.3% were retracted because of error. More than two-thirds
(67.4%) were retracted because of scientific misconduct including fraud, duplicate publication,
and plagiarism. A retraction, especially when it is tied to an underlying form of misbehavior, can
be an indication that resources have been wasted. Stern et al. (2014) found in their study that
“papers retracted due to misconduct accounted for approximately $58 million in direct funding
by the NIH between 1992 and 2012.”
Publication bias
Different forms of bias can impact the publication process in a variety of ways. For example,
there is a large collection of anecdotal evidence that journals are reluctant to publish negative
results (DeVito & Goldacre, 2018). This form of bias is one of driving forces behind efforts to
require the registration of clinical trials and the push for more open sharing of research data
(Wieseler & McGauran, 2020). Measures such as clinical trial registration and open data sharing
can provide a fuller picture of the types of research studies being conducted as can such efforts
as that led by RIAT (Restoring Invisible and Abandoned Trials) which aims to tackle bias in the
way research is reported, specifically by offering a methodology by which the record can be
“responsibly corrected” by correcting the misreporting of trials that are published either
inaccurately or incompletely, and publishing trials that are otherwise unpublished (RIAT, n.d.).
Analysis
Various forms of bias can detrimentally impact the peer review process (Haffar et al., 2019),
including when a reviewer has a conflict of interest (DiDomenico et al., 2017), or a journal’s
editor process (Gottlieb & Bressler, 2017). Authors’ conflicts of interest (COI) can also affect the
peer review process if, for example, they are permitted to recommend their own peer
reviewers. Moreover, studies have examined whether revealing the authors’ COI changes the
review process. According to John et al. 2019’s study of 1480 manuscripts, “providing reviewers
with COI information did not have a significant effect on their manuscript quality ratings.”
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Efforts are being made to address these challenges through clarification of concepts and
simplification of processes. Broadening understandings of what interests may be relevant to
disclose, the International Committee of Medical Journal Editors has recently updated its
disclosure form to refer to “disclosure of interests,” and Science magazine refers to “competing
interests.” At the same time a product called Convey, developed by the American Association of
Medical Colleges, aims to simplify the disclosure process by serving as a database for
disclosures that can be shared with funders, journals, and institutions, avoiding the need for
regular and tedious repetition in reporting of interests.
Since publishing is often an international endeavor, it can be difficult to isolate one country’s
practices from other countries. Yet there is some basis for comparison. For example, in a study
of papers that were retracted or corrected in 2010-2011, Fanelli et al. (2015) found that in
comparison with the US, Australia, Germany, China, South Korea, and Turkey were more likely
to host authors of retracted papers, and the Netherlands and France were less likely.
Recommendations
41. The federal government should consider funding further studies on how conflicts of
interest impact the publication process and research practices more generally.
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Appendix A: List of Recommendations
As a general recommendation addressed to the government, but also interested academics and
scientific organizations, we propose the following:
1. identify the data necessary to establish benchmarks and measure progress in each of
the key areas of the UNESCO Recommendation; and
2. establish mechanisms for addressing any current data gaps.

Public engagement in science
3. The U.S. government should consider strategies and potential funding opportunities
to support citizen science projects.
4. The U.S. government should study the impacts of citizen science, including on science
literacy, public perceptions of science, support for funding of science, and time from
discovery to implementation.
5. The U.S. government should fund research to establish best practices for public
engagement in science.

Science for Society
6. Federal agencies should consider allocating additional funding to public interest
science, including potentially high-yield projects in mission-driven public-interest
research.
7. Public funding is needed to support research that explores how, in what
circumstances, and with what social impact policy changes have driven public funding
into private-interest science.
8. Public funders of science and recipients should be encouraged to explore
humanitarian licensing options to promote access to and use of scientific and
technological innovations by historically disadvantaged populations.
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Trust in science
9. Federal agencies should consider funding research on what facilitates and erodes trust
in science.
10. Publicly-employed/-funded scientists should be encouraged and recognized for efforts
aimed at cultivating relationships with the public that foster a sense of
trustworthiness.
11. The science communication ecosystem should work to decouple partisan identities
from public science controversies by emphasizing that the issues at stake are not
strictly partisan.
12. The federal government should consider funding programs that research, monitor,
and respond to science mis/disinformation over online platforms.

Independent science
13. The U.S. government should better track, analyze, and make public all available data
on conflicts of interest and scientific independence in the U.S. federal government.
14. The U.S. government should take steps to strengthen federal protections for science
and scientists working in policy contexts. Such efforts should include strengthening
scientific integrity policies across all federal science agencies, improving consistency in
policy and practice across the government, and appointing science agency and White
House decisionmakers who can provide strong leadership on independent science.
15. To address conflicts of interest in science advice settings, the U.S. government should
strengthen its oversight and guidance on conflict of interest in order to create more
transparency and accountability around the formation, appointment, activities, and
disbanding of science advisory committees.

Open access and open data
16. The U.S. government should develop clear guidelines for making federally funded
research open access and open data publicly available. The U.S. government should
host data on their repositories through a link from research articles.
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17. Federal sponsors should address inequities associated with costs to researchers of
open access publication.
18. Research funded publicly should support reasonable costs associated with open access
publishing.
19. The federal government should fully implement its plans to expand open data
initiatives and infrastructure, with a focus on ensuring data is shared in accessible and
useful formats and an emphasis on disaggregated demographic data that will enable
researchers to better study and identify inequities in government services and public
benefits of science.

Diversity, Equity and Inclusion (DEI) in the STEM workforce
20. For the U.S. government (including executive leadership and federal science agencies)
and funders: make addressing inclusion, equity and discrimination in the STEM
workforce a key national priority.
21. U.S. government data on the workforce should include more and better information
about people from indigenous, LGBTQ+, and disabled identities.

Access to quality STEM education
22. Develop a national set of educational equity indicators, as outlined in the National
Academies’ 2019 report Monitoring Educational Equity.
23. Enhance U.S. government monitoring of educational disparities.
24. U.S. government data collection should include more disaggregated data about
disability to allow for more nuanced analysis and targeted interventions.
25. Expand and revise federal data collection efforts to include more information about
sexual orientation and gender identity.
26. Construct a student-unit data system that would allow for increased understanding of
how various subgroups are served (or not served) throughout the broader STEM talent
development pathways.

Scientific literacy/public understanding of science
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27. National education standards and guidelines should be updated to reflect the most
recent pedagogical, evidence-based understanding of science literacy and how best to
achieve it at all levels of education and within broader society.
28. Graduate programs should include elements in the curriculum about scientific
communication for various audiences, including the public; this should be
offered/could be considered for undergraduate programs as well.
29. The US government and scientific institutions should encourage and recognize, such as
through additional funding, awards, or merit-based recognition, time and expertise
devoted by scientists to public communication of science.
30. With adequate resources provided by the US government, federal employees and
those funded by federal sponsors should be encouraged to take training related to
scientific communication and be encouraged to clearly and consistently communicate
with the public.

Reproducibility
31. Institutions should require training in scientific reproducibility for researchers at all
levels, including the utilization of checklists to facilitate best practices in experimental
design, reporting of scientific experiments, data management and archiving.
32. For funders: Provide funding for independent replication of a limited number of
critical finding studies.
33. Consideration of a registry for at least some preclinical animal studies that are
intended to support drug development and clinical trials.
34. Scientific data and metadata should be generated and maintained according to the
FAIR Principles (Findability, Accessibility, Interoperability, and Reuse of digital assets).

Bias
35. The U.S. government should track participation by race/ethnicity and other
demographic features in federally funded research.
36. Require stakeholder engagement in publicly funded medical research.
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37. The federal government should consider funding research with underrepresented
groups to understand their concerns related to research participation.

Scientific integrity
38. Federal sponsors should develop or modify funding policies to make clear that all
members of a research team should participate in professional development activities
including or related to research practice and research integrity.
39. Federally-funded academic institutions should include education on the ethics of
research in all STEM programs at both the undergraduate and graduate level and
develop strategies for transforming institutional cultures to more effectively integrate
ethical concerns.
40. U.S. government agencies, academic institutions, publishers, and scientific
organizations should work toward greater alignment of policies on research
misconduct and scientific integrity, procedures, and accountability mechanisms, in
order to ensure consistent expectations and enforcement across the scientific
community.

Quality science
41. The federal government should consider funding further studies on how conflicts of
interest impact the publication process and research practices more generally.
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Appendix B: UNESCO Recommendation on Science and Scientific
Researchers
Preamble
The General Conference of the United Nations Educational, Scientific and Cultural Organization
(UNESCO), meeting in Paris from 30 October to 14 November 2017, at its thirty-ninth session,
Recalling that, by the terms of the final paragraph of the Preamble to its Constitution, UNESCO
seeks – by means of promoting inter alia, the scientific relations of the peoples of the world – to
advance the objectives of international peace and of the common welfare of humankind for
which the United Nations Organization was established and which its Charter proclaims,
Considering the terms of the Universal Declaration of Human Rights adopted by the United
Nations General Assembly on 10 December 1948, and in particular Article 27.1 thereof which
provides that everyone has the right freely to participate in the cultural life of the community,
and to share in scientific advancement and its benefits,
Recognizing that:
(a) scientific discoveries and related technological developments and applications open
up vast prospects for progress made possible in particular by the optimum utilization of
science and scientific methods for the benefit of humankind and for the preservation of
peace and the reduction of international tensions but may, at the same time, entail
certain dangers which constitute a threat, especially in cases where the results of
scientific research are used against humankind’s vital interests in order to prepare wars
involving destruction on a massive scale or for purposes of the exploitation of one
nation by another, or to the detriment of human rights or fundamental freedoms or the
dignity of a human person, and in any event give rise to complex ethical and legal
problems;
(b) to face this challenge, Member States should develop or devise machinery for the
formulation and execution of adequate policies, that is to say, policies designed to avoid
the possible dangers and fully realize and exploit the positive prospects inherent in such
discoveries, technological developments and applications,
Also recognizing:
(a) the significant value of science as a common good;
(b) that a cadre of talented and trained personnel is the cornerstone of an indigenous

68

research and experimental development capability and indispensable for the utilization
and exploitation of research carried out elsewhere;
(c) that open communication of the results, hypotheses and opinions – as suggested by
the phrase “academic freedom” – lies at the very heart of the scientific process, and
provides the strongest guarantee of accuracy and objectivity of scientific results;
(d) the necessity of adequate support and essential equipment for performance of
research and experimental development,
Observing that, in all parts of the world, this aspect of policy-making is coming to assume
increasing importance for the Member States; having in mind the intergovernmental initiatives
set out in the annex to this Recommendation, demonstrating recognition by Member States of
the growing value of science and technology for tackling various world problems on a broad
international basis, thereby strengthening cooperation among nations as well as promoting the
development of individual nations; and confident that these trends predispose Member States
to the taking of concrete action for the introduction and pursuit of adequate science and
technology policies,
Persuaded that such governmental action can considerably assist in the creation of those
conditions which encourage and assist indigenous capability to perform and use the results of
research and development in an enhanced spirit of responsibility towards humankind and the
environment,
Believing that one of the foremost of these conditions must be to ensure a fair status for those
who actually perform research and development in science and technology, taking due account
of the responsibilities inherent in and the rights necessary to the performance of that work,
Considering that research and development is carried out in exceptional working conditions and
demands a highly responsible attitude on the part of the scientific researchers towards that
work, towards their country and towards the international ideals and objectives of the United
Nations, and that workers in this profession accordingly need an appropriate status,
Convinced that the current climate of governmental, scientific and public opinion makes the
moment opportune for the General Conference to formulate principles for the assistance of
member governments desirous of ensuring fair status for the workers concerned,
Recalling that much valuable work in this respect has already been accomplished both in
respect of workers generally and in respect of scientific researchers in particular, notably by the
international instruments and other texts recalled in this Preamble, and in the annex to this
Recommendation,
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Conscious that the phenomenon frequently known as the “brain drain” of scientific researchers
has in the past caused widespread anxiety, and that to certain Member States it continues to be
a matter of considerable preoccupation; having present in mind, in this respect, the paramount
needs of the developing countries; and desiring accordingly to give scientific researchers
stronger reasons for serving in countries and areas which stand most in need of their services,
Convinced that similar questions arise in all countries with regard to science and scientific
researchers and that these questions call for the adoption of common approaches and so far as
practicable the application of the common standards and measures which it is the purpose of
this Recommendation to set out,
However, taking fully into account, in the adoption and application of this Recommendation,
the great diversity of the laws, regulations and customs which, in different countries, determine
the pattern and organization of research work and experimental development in science and
technology,
Desiring for these reasons to complement the standards and recommendations set out in the
laws and decrees of every country and sanctioned by their customs and those contained in the
international instruments and other documents referred to in this Preamble and in the annex to
this Recommendation, by provisions relating to questions of central concern to scientific
researchers,
Having before it, as item 7.4 of the agenda of the session, proposals concerning science and
scientific researchers,
Having decided, at its thirty-seventh session, that these proposals should take the form of a
recommendation to Member States,
Adopts the Recommendation on Science and Scientific Researchers, which supersedes the 1974
Recommendation on the Status of Scientific Researchers, this 13 November 2017;
Recommends that Member States should apply the following provisions by taking whatever
legislative or other steps may be required to apply within their respective territories the
principles and norms set forth in this Recommendation;
Also recommends that Member States should bring this Recommendation to the attention of
the authorities, institutions and enterprises responsible for the conduct of research and
experimental development and the application of its results, and of the various organizations
representing or promoting the interests of scientific researchers in association, and other
interested parties;
Further recommends that Member States should report to it, on dates and in a manner to be
determined by it, on the action they have taken to give effect to this Recommendation.
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I. Scope of application
1. For the purposes of this Recommendation:
(a) (i) the word “science” signifies the enterprise whereby humankind, acting individually or in
small or large groups, makes an organized attempt, by means of the objective study of
observed phenomena and its validation through sharing of findings and data and through peer
review, to discover and master the chain of causalities, relations or interactions; brings together
in a coordinated form subsystems of knowledge by means of systematic reflection and
conceptualization; and thereby furnishes itself with the opportunity of using, to its own
advantage, understanding of the processes and phenomena occurring in nature and society;
(ii) the term “the sciences” signifies a complex of knowledge, fact and hypothesis, in which the
theoretical element is capable of being validated in the short or long term, and to that extent
includes the sciences concerned with social facts and phenomena;
(b) the word “technology” signifies such knowledge as relates directly to the production or
improvement of goods or services;
(c) the term “research and development” comprises scientific research and experimental
development for which “scientific research” signifies those processes of study, experiment,
conceptualization, theory-testing and validation involved in the generation of scientific
knowledge, as described in paragraphs 1(a)(i) and 1(a)(ii) above, and thus including both
fundamental and applied research; and for which “experimental development” signifies the
processes of adaptation, testing and refinement which lead to the point of practical
applicability including as innovation;
(d) (i) the term “scientific researchers” signifies those persons responsible for and engaged in
research and development;
(ii) on the basis of the provisions of this Recommendation, each Member State may determine
the criteria for inclusion in the category of persons recognized as scientific researchers (such as
possession of diplomas, degrees, academic titles or functions), as well as the exceptions to be
allowed;
(e) the word “status” as used in relation to scientific researchers signifies the standing or regard
accorded them, as evidenced, first, by the level of appreciation both of the duties and
responsibilities inherent in their function and of their competence in performing them, and,
secondly, by the rights, working conditions, material assistance and moral support which they
enjoy for the accomplishment of their task.
2. This Recommendation applies with respect to:
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(a) all scientific researchers, irrespective of:
(i) the legal status of their employer, or the type of organization or establishment in
which they work;
(ii) their scientific or technological fields of specialization;
(iii) the motivation underlying the research and development in which they engage;
(iv) the kind of application to which that research and development relates most
immediately;
(v) their professional status or employment status;
(b) technicians, support staff and students supporting and contributing to research and
development;
(c) institutions and individuals responsible for research and development and other aspects of
science, including such as science education, science communication, regulation and policy,
oversight, funding, recruitment, peer review and scientific publishing.
3. In the case of scientific researchers performing research and development on a part-time
basis, this Recommendation applies to them only at such times and in such contexts as they are
engaged in the activity of research and development.
II. Scientific researchers in the context of national policy-making
4. By the policies they adopt in respect of and touching upon science, technology and
innovation; by the way in which they use science and technology in policy-making and more
generally; and by their treatment of scientific researchers in particular, Member States should
demonstrate and take action such that research and development is not carried out in isolation,
but as an explicit part of the nations’ integrated effort to set up a society that will be more
humane, just and inclusive, for the protection and enhancement of the cultural and material
well-being of its citizens in the present and future generations, and to further the United
Nations ideals and internationally-agreed objectives, while giving sufficient place to science per
se.
5. In order to have a sound science, technology and innovation system integrated to their
effort, Member States should establish and substantially strengthen human and institutional
capacities, including by:
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(a) promoting research and development in all areas of society, funded by public, private and
non-profit sources;
(b) equipping itself with the personnel, institutions and mechanisms necessary for developing
and putting into practice national science, technology and innovation policies;
(c) strengthening scientific culture, public trust and support for sciences throughout society, in
particular through a vigorous and informed democratic debate on the production and use of
scientific knowledge, and a dialogue between the scientific community and society;
(d) establishing suitable means to address the ethics of science and of the use of scientific
knowledge and its applications, specifically through establishing, promoting and supporting
independent, multidisciplinary and pluralist ethics committees in order to assess the relevant
ethical, legal, scientific and social issues related to research projects involving human beings, to
provide ethical advice on ethical questions in research and development, to assess scientific
and technological developments and to foster debate, education and public awareness and
engagement of ethics related to research and development;
(e) promoting research and development that may address peace-building, as well as
responsible and peaceful application of science and technology;
(f) giving recognition to the key role of research and development in the acquisition of
knowledge, in addressing the root causes and impacts of conflict, and in achieving sustainable
development; and
(g) using scientific and technological knowledge in decision-making and policies.
6. Member States should treat public funding of research and development as a form of public
investment the returns on which are, for the most part, necessarily long-term, and take all
appropriate measures to ensure that the justification for, and indeed the indispensability of
such investment is held constantly before public opinion.
7. Member States should use scientific and technological knowledge in decision-making and
policies for international relations, for which they should strengthen capacities for science
diplomacy.
8. Member States should cultivate opportunities for scientific researchers to participate in
developing national science, technology and innovation policy. In particular, each Member
State should ensure that these policy processes are supported by appropriate institutional
mechanisms enjoying adequate advice and assistance from scientific researchers and their
professional organizations.
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9. Member States should create the environment to ensure that scientific researchers, who give
policy advice to policy-makers and other public officials, can do so in an accountable manner in
which conflicts of interest are disclosed.
10. Each Member State should institute procedures adapted to its needs for ensuring that, in
the performance of research and development, scientific researchers respect public
accountability while at the same time enjoying the degree of autonomy appropriate to their
task and to the advancement of science and technology. It should be fully taken into account
that creativity of scientific researchers should be promoted in national policy on the basis of
utmost respect for the autonomy and freedom of research indispensable to scientific progress.
11. With the above ends in view, and with respect for the principle of freedom of movement of
scientific researchers, Member States should be concerned to create that general climate, and
to provide those specific measures for the moral and material support and encouragement of
scientific researchers, as will:
(a) ensure that people of high calibre find sufficient attraction in the vocation, and sufficient
confidence in research and development as a career offering reasonable prospects and a fair
degree of security, to maintain a constantly adequate regeneration of the nation’s pool of
scientific researchers;
(b) facilitate the emergence and stimulate the appropriate growth, among its own citizens, of a
body of scientific researchers regarding themselves and regarded by their colleagues
throughout the world as worthy members of the international scientific and technological
community;
(c) encourage those scientific researchers (or young people who aspire to become scientific
researchers) who seek some of their education, training or experience abroad, to return and to
work in their country.

III. The initial education and training of scientific researchers
12. Member States should have regard for the fact that effective scientific research calls for
scientific researchers of integrity and intellectual maturity, combining high, intellectual qualities
and respect for ethical principles.
13. To assist the emergence of scientific researchers of this high calibre, Member States should
take measures to:
(a) ensure that, without discrimination on the basis of race, colour, descent, sex, gender, sexual
orientation, age, native language, religion, political or other opinion, national origin, ethnic
origin, social origin, economic or social condition of birth, or disability, all citizens enjoy equal
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opportunities for the initial education and training needed to qualify for research and
development careers, as well as ensuring that all citizens who succeed in so qualifying enjoy
equal access to available employment in scientific research;
(b) abolish inequalities of opportunities;
(c) in order to remediate past inequalities and patterns of exclusion, actively encourage women
and persons of other under-represented groups to consider careers in sciences, and endeavour
to eliminate biases against women and persons of other under-represented groups in work
environments and appraisal;
(d) encourage the spirit of service both to the advancement of science and to social and
ecological responsibilities toward their fellow nationals, humanity in general, future
generations, and the earth including all its ecosystems, its sustainable development and its
conservation, as an important element in their education and training;
(e) ensure equitable and open access to scientific literature, data and contents including by
removing barriers to publishing, sharing and archiving of scientific outputs.
14. So far as is compatible with the necessary and proper independence of educators and
educational institutions, Member States should lend their support to all educational initiatives
designed to:
(a) strengthen all sciences, technology, engineering and mathematics education, in schools and
other formal and informal settings;
(b) incorporate inter-disciplinary and art and design elements in curricula and courses of all
sciences as well as skills such as communication, leadership and management;
(c) incorporate or develop in each domain’s curricula and courses the ethical dimensions of
science and of research;
(d) develop and use educational techniques for awakening and stimulating such personal
qualities and habits of mind as:
(i) the scientific method;
(ii) intellectual integrity, sensitivity to conflict of interest, respect for ethical principles
pertaining to research;
(iii) the ability to review a problem or situation in perspective and in proportion, with all
its human implications;
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(iv) skill in isolating the civic and ethical implications, in issues involving the search for
new knowledge and which may at first sight seem to be of a technical nature only;
(v) vigilance as to the probable and possible social and ecological consequences of
research and development activities;
(vi) willingness to communicate with others not only in scientific and technological
circles but also outside those circles, which implies willingness to work in a team and in a multioccupational context.

IV. Rights and responsibilities in research
15. Member States should bear in mind that the scientific researchers’ sense of vocation can be
powerfully reinforced if they are encouraged to think of their work in terms of service both to
their fellow nationals and to their fellow human beings in general. Member States should seek,
in their treatment of and attitude towards scientific researchers, to express encouragement for
this broad spirit of responsibility.
The civic and ethical aspect of scientific research
16. Member States should encourage conditions that can deliver high-quality science in a
responsible manner in line with paragraph 4 of this Recommendation. For this purpose,
Member States should establish mechanisms and take all appropriate measures aimed to
ensure the fullest exercise, respect, protection and promotion of the rights and responsibilities
of scientific researchers and others concerned by this Recommendation. For this purpose:
(a) the following are the recommended responsibilities and rights of scientific researchers:
(i) to work in a spirit of intellectual freedom to pursue, expound and defend the
scientific truth as they see it, an intellectual freedom which should include protection
from undue influences on their independent judgement;
(ii) to contribute to the definition of the aims and objectives of the programmes in
which they are engaged and to the determination of the methods to be adopted which
should be humanely, scientifically, socially and ecologically responsible; in particular,
researchers should seek to minimize impacts on living subjects of research and on the
natural environment and should be aware of the need to manage resources efficiently
and sustainably;
(iii) to express themselves freely and openly on the ethical, human, scientific, social or
ecological value of certain projects, and in those instances where the development of
science and technology undermine human welfare, dignity and human rights or is “dual
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use”, they have the right to withdraw from those projects if their conscience so dictates
and the right and responsibility to express themselves freely on and to report these
concerns;
(iv) to contribute constructively to the fabric of science, culture and education, and the
promotion of science and innovation in their own country, as well as to the achievement
of national goals, the enhancement of their fellow citizens’ well-being, the protection of
the environment, and the furtherance of the international ideals and objectives;
(v) to promote access to research results and engage in the sharing of scientific data
between researchers, and to policy-makers, and to the public wherever possible, while
being mindful of existing rights;
(vi) to disclose both perceived and actual conflicts of interest according to a recognized
code of ethics that promotes the objectives of scientific research and development;
(vii) to integrate in their research and development work in an ongoing manner:
disclosures to each human research subjects so as to inform their consent, controls to
minimize harm to each living subject of research and to the environment, and
consultations with communities where the conduct of research may affect community
members;
(viii) to ensure that knowledge derived from sources, including traditional, indigenous,
local, and other knowledge sources, is appropriately credited, acknowledged, and
compensated as well as to ensure that the resulting knowledge is transferred back to
those sources.
(b) the following are the recommended responsibilities and rights of persons or institutions that
employ, fund, govern, or guide researchers and/or research:
(i) to bear and enjoy equivalent responsibilities and rights as above in (a), provided
these rights and responsibilities do not impede on the scientific researchers’ exercise of
responsibilities and rights;
(ii) to facilitate the exercise of responsibilities and rights described in (a) and (b)(i),
including by establishing mechanisms for this purpose, such as ethics review boards, and
to ensure scientific researchers’ protection from retribution;
(iii) to fully respect the intellectual property rights of individual researchers;
(iv) to follow this Recommendation in other respects; and
(v) to specify as explicitly and narrowly as possible the cases in which they deem it
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necessary to depart from the recommended responsibilities and rights set out in
paragraphs (a) and (b).
17. Member States should take all appropriate steps to urge all other employers of scientific
researchers to follow the recommendations in paragraph 16 above.
The international aspect of scientific research
18. Member States should recognize the international dimensions of research and development
and, in this regard, should do everything possible to help scientific researchers, including:
(a) establishing partnerships freely associating scientific communities of developed and
developing countries to meet the needs of all countries and facilitate their progress while
respecting national regulation, including cultural and scientific cooperation and development of
bilateral and multilateral agreements enabling developing countries to build up their capacity
to participate in generating and sharing scientific knowledge, the related know-how and their
benefits, including identifying and countering the effects of brain drain;
(b) ensuring equal access to science and the knowledge derived from it as not only a social and
ethical requirement for human development, but also as essential for realizing the full potential
of scientific communities worldwide;
(c) put in place policies aiming to facilitate that the scientific researchers freely develop and
contribute to sharing data and educational resources, for example by means of virtual
universities;
(d) in the context of their intellectual property regime, ensuring that contributions to scientific
knowledge are appropriately credited, and balancing between protection of intellectual
property rights and the open access and sharing of knowledge, as well as ensuring the
protection of sources and products of traditional knowledge;
(e) taking measures against biopiracy; illicit trafficking of organs, tissues, samples, genetic
resources and genetic- related materials; as well as ensuring the protection of the human
rights, fundamental freedoms and dignity of the human person, and the confidentiality of
personal data.
19. Considering that any scientific research could improve the understanding of factors involved
in the survival and well-being of humankind as a whole, Member States should provide support
to these initiatives of scientific researchers, with due regard to:
(a) the impact of science on future generations;
(b) the interconnection between various forms of life;
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(c) the role and responsibility of human beings in the protection of the environment, the
biosphere and biodiversity.
20. Member States should endeavour to ensure that research and development undertaken,
funded, or otherwise pursued in whole or in part in different States, is consistent with principles
of conducting research in a responsible manner that respects human rights. In particular, for
transnational research involving human subjects:
(a) appropriate ethical review should be undertaken both in the host State(s) and the State(s) in
which the funder is located, based on internationally agreed ethical frameworks;
(b) such research should be responsive to the needs of host countries, and the importance of it
contributing to the alleviation of urgent global health problems should be recognized;
(c) when negotiating a research agreement and terms for collaboration, agreement on the
benefits of the research and access to the results should be established with full participation of
the communities concerned.
21. So as to ensure the human right to share in scientific advancement and its benefits,
Member States should establish and facilitate mechanisms for collaborative open science and
facilitate sharing of scientific knowledge while ensuring other rights are respected.
22. So as to ensure the human right to health, Member States should take measures so that
benefits resulting from any research and its applications are shared with society as a whole and
within the international community, in particular with developing countries.
23. In order that the scientific and technological knowledge and its potentialities be promptly
geared to the benefit of all peoples, Member States should urge scientific researchers, and
other actors to whom this Recommendation applies, to keep in mind the principles set out in
paragraphs 18, 19, 20, 21 and 22 above.
V. Conditions for success on the part of scientific researchers
24. Member States should:
(a) provide material assistance, moral support and public recognition conducive to successful
performance in research and development by scientific researchers;
(b) ensure that scientific researchers enjoy equitable conditions of work, recruitment and
promotion, appraisal, training and pay without discrimination on the basis of race, colour,
descent, sex, gender, sexual orientation, age, native language, religion, political or other
opinion, national origin, ethnic origin, social origin, economic or social condition of birth, or
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disability;
(c) support individuals from underrepresented groups entering and developing careers in
research and development.
25. Member States should develop policies for the protection and preservation of research
objects, scientific infrastructure and scientific archives, including in instances of conflict.
26. Member States should establish as a norm for any scientific publishing, including publishing
in open access journals, that peer review based on established quality standards for science is
essential.
Adequate career development prospects and facilities
27. Member States should develop policies with respect to employment that adequately cover
the needs of scientific researchers, in particular by:
(a) providing scientific researchers in their direct employment with adequate career
development prospects and facilities, including but not limited to research and development;
(b) making every effort so that scientific researchers are not subjected, merely by the nature of
their work, to avoidable hardship;
(c) providing the necessary funds and mechanisms for training opportunities, career
development, and/or redeployment, in respect of the scientific researchers in their permanent
employ, in order to address precariousness due to mobility or limited-duration contracts;
(d) offering challenging opportunities for early career scientific researchers to do significant
research and development, in accordance with their abilities, and to rapidly undertake a stable
career – though not necessarily exclusively in the fields of research and development;
(e) recognizing that various fields of scientific research and development require different levels
of skills and durations of training;
(f) promoting and supporting open scholarship by scientific researchers, as well as promoting
open access to literature and research data, as essential parts of research.
Lifelong learning
28. Member States should encourage the provision of facilities so that scientific researchers
enjoy lifelong opportunities for keeping themselves up to date in their own and in other
scientific fields, by attendance at conferences, by free access to international databases and
journals, libraries and other sources of information, and by participation in training.
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Mobility
29. Member States should enable and facilitate mobility of scientific researchers between
public sector, private sector and higher education employment, as well as outside of research
and development.
30. With regard to mobility of scientific researchers between research and development and
other public functions, Member States should:
(a) provide procedures for the periodic review of the material conditions of scientific
researchers to ensure that they remain equitably comparable with those of other workers
having equivalent experience and qualifications and in keeping with the country’s standard of
living;
(b) introduce conditions of employment specially designed for scientific researchers benefitting
from this mobility; and
(c) provide the scientific researchers benefitting from this mobility with adequate career
development prospects.
Participation in the international scientific and technological community
31. In line with paragraph 16 of this Recommendation, Member States should actively promote
the interplay of ideas and information among scientific researchers throughout the world,
which is vital to the healthy development of the sciences; and to this end, should take all
measures necessary to ensure that scientific researchers are enabled, throughout their careers,
to participate in the international scientific and technological community. Member States
should facilitate this travel in and out of their territory.
Protection of health; social security
32. Member States should guarantee that, for the health and safety of scientific researchers as
of all other persons likely to be affected by the research and development activity in question,
all national regulations, and the international instruments concerned with the protection of
workers in general from hostile or dangerous environments will be fully met. They should
accordingly ensure that the managements of scientific establishments: enforce appropriate
safety standards; train all those in their employ in the necessary safety procedures; monitor
and safeguard the health of all persons at risk; take due note of warnings of new (or possible
new) hazards brought to their attention, in particular by the scientific researchers themselves,
and act accordingly; and ensure that the working day and rest periods are of reasonable length,
the latter to include annual and parental leave on full pay.
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33. Member States should ensure that provision is made for scientific researchers to enjoy (in
common with all other workers) adequate and equitable social security arrangements
appropriate to their age, sex, family situation, state of health and to the nature of the work
they perform.
Performance appraisal
34. Member States should, as regards scientific researchers in their employ, design and
establish appropriate (using international comparisons so as to adopt good practices) appraisal
systems for independent, transparent, gender-sensitive and tier-based performance evaluation
that:
(a) take due account of all aspects of the work including, inter alia, contributions to
publications, patents, management, teaching, outreach, supervision, collaboration, ethics
compliance, and science communications;
(b) take due account of the difficulty inherent in measuring a performance given the effects of
mobility between themes and disciplines, the blurring of boundaries between disciplines, the
appearance of new disciplines and the need to appraise all aspects of the individual’s
performance in context;
(c) combine appropriate metrics with independent expert assessment (peer review) of the
individual’s outputs, as to all aspects of the work including those aspects mentioned above in
(a);
(d) transparently account for family-care related interruptions of employment and encourage
equitable treatment by means of incentives, so that the careers and research of those who take
family related leave, including parental leave, are not negatively impacted as a result;
(e) encourage, by means of incentives, sharing of the whole scientific process (data, methods,
software, results, etc.) and mentoring early career people in the sciences.
Expression by publication
35. Member States should encourage and facilitate publication of the results obtained by
scientific researchers, and extend this to the data, methods, software, that they used, with a
view to assisting them to share scientific information, and to acquire the reputation that they
merit, as well as with a view to promoting the sciences, education and culture generally.
36. In order to promote science as a public good, Member States should encourage and
facilitate access to knowledge, including open access.
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37. Member States should ensure that the scientific and technological results of scientific
researchers enjoy appropriate legal protection of their intellectual property, and in particular
the protection afforded by patent and copyright law.
38. In those cases where restrictions are placed upon scientific researchers’ right to publish or
communicate results, Member States should ensure:
(a) that such restrictions are: strictly minimized, consistent with public interest and the right of
their employers and fellow workers, consistent with appropriately crediting and acknowledged
contributions of scientific researchers to the results obtained, and properly communicated as
clearly as possible in writing in the terms and conditions of their employment;
(b) that the procedures by which scientific researchers can ascertain whether the restrictions
mentioned in this paragraph apply in a particular case and by which mechanism they can appeal
are made clear.
Recognition
39. Member States should ensure that scientific researchers may:
(a) receive without hindrance the questions, criticisms and suggestions addressed to them by
their colleagues throughout the world, as well as the intellectual stimulus afforded by such
communications and the exchanges to which they give rise;
(b) enjoy in tranquillity international acclaim warranted by their scientific merit.
40. Similarly, Member States should adopt the following standard practices:
(a) written provisions to be included in the terms and conditions of employment of scientific
researchers, stating clearly what rights (as applicable) belong to them (and, where appropriate,
to other interested parties) in respect of their contributions to any discovery, invention, or
improvement in technical knowhow or commercialization which may arise in the course of or as
a result of the research and development that those scientific researchers undertake;
(b) the attention of scientific researchers to be always drawn by the employer to such written
provisions before the scientific researchers enter employment.
Reasonable flexibility in the interpretation and application of texts setting out the terms and
conditions of employment of scientific researchers
41. Member States should seek to ensure that the performance of research and development
be not reduced to pure routine. They should therefore see to it that all texts setting out terms
of employment for, or governing the conditions of work of scientific researchers, be framed and
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interpreted with all the necessary flexibility to meet the requirements of research and
development. This flexibility should not however be invoked in order to impose on scientific
researchers conditions that are inferior to those enjoyed by other workers of equivalent
qualifications and responsibility.
The advancement of their various interests by scientific researchers in association
42. Member States should recognize it as wholly legitimate, and indeed desirable, that scientific
researchers should associate to protect and promote their individual and collective interests, in
bodies such as trade unions, professional associations and learned societies, in accordance with
the rights of workers in general and inspired by the principles set out in the international
instruments listed in the annex to this Recommendation. In all cases where it is necessary to
protect the rights of scientific researchers, these organizations should have the right to support
the justified claims of such researchers.
43. Member States should recognize that they have, as employers of scientific researchers, a
leading responsibility and should attempt to set an example to other employers of scientific
researchers, and, in order to ensure that satisfactory working conditions are available to
scientific researchers in all settings in which research and development are conducted, Member
States should take measures to urge all employers of scientific researchers to adopt and use
mechanisms, policies and practices reflecting the principles set out in paragraphs 24, 27, 28, 29,
31, 32, 34, 35, 36, 37, 38, 39, 40, 41 and 42 above.
VI. Utilization and exploitation of the present Recommendation
44. Member States should strive to extend and complement their own action in respect of this
Recommendation, by cooperating with all national and international organizations whose
activities fall within the scope and objectives of this Recommendation, in particular: National
Commissions for UNESCO; international organizations; organizations representing science and
technology educators; employers generally; learned societies, professional associations and
trade unions of scientific researchers; associations of science writers; women in science
associations; youth and student organizations.
45. Member States should support the work of the bodies mentioned above by the most
appropriate means, including relevant policies.
46. Member States should periodically review the conditions of scientific researchers,
disaggregating data as much as possible in particular by sex.
47. Member States should enlist the vigilant and active cooperation of all organizations
representing scientific researchers, in ensuring that the latter may, in a spirit of community
service, effectively assume the responsibilities, enjoy the rights and obtain the recognition of
the status described in this Recommendation.
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VII. Final provision
48. Where scientific researchers enjoy a status that is, in certain respects, more favourable than
the minimum norm outlined throughout this Recommendation, the terms of this
Recommendation should not be invoked to diminish the status already acquired.
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