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Abstract
Background: Retraction is a mechanism for alerting readers to unreliable material and other problems in the published scientific and scholarly record. Retracted publications generally remain visible and searchable, but the intention
of retraction is to mark them as “removed” from the citable record of scholarship. However, in practice, some retracted
articles continue to be treated by researchers and the public as valid content as they are often unaware of the retraction. Research over the past decade has identified a number of factors contributing to the unintentional spread of
retracted research. The goal of the Reducing the Inadvertent Spread of Retracted Science: Shaping a Research and
Implementation Agenda (RISRS) project was to develop an actionable agenda for reducing the inadvertent spread
of retracted science. This included identifying how retraction status could be more thoroughly disseminated, and
determining what actions are feasible and relevant for particular stakeholders who play a role in the distribution of
knowledge.
Methods: These recommendations were developed as part of a year-long process that included a scoping review of
empirical literature and successive rounds of stakeholder consultation, culminating in a three-part online workshop
that brought together a diverse body of 65 stakeholders in October–November 2020 to engage in collaborative
problem solving and dialogue. Stakeholders held roles such as publishers, editors, researchers, librarians, standards
developers, funding program officers, and technologists and worked for institutions such as universities, governmental agencies, funding organizations, publishing houses, libraries, standards organizations, and technology providers.
Workshop discussions were seeded by materials derived from stakeholder interviews (N = 47) and short original
discussion pieces contributed by stakeholders. The online workshop resulted in a set of recommendations to address
the complexities of retracted research throughout the scholarly communications ecosystem.
Results: The RISRS recommendations are: (1) Develop a systematic cross-industry approach to ensure the public
availability of consistent, standardized, interoperable, and timely information about retractions; (2) Recommend a
taxonomy of retraction categories/classifications and corresponding retraction metadata that can be adopted by all
stakeholders; (3) Develop best practices for coordinating the retraction process to enable timely, fair, unbiased outcomes; and (4) Educate stakeholders about pre- and post-publication stewardship, including retraction and correction
of the scholarly record.

*Correspondence: jodi@illinois.edu; jschneider@pobox.com
1
School of Information Sciences, University of Illinois at Urbana-Champaign,
501 E. Daniel Street, MC‑493, Champaign, IL 61820‑6211, USA
Full list of author information is available at the end of the article

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Schneider et al. Research Integrity and Peer Review

(2022) 7:6

Page 2 of 16

Conclusions: Our stakeholder engagement study led to 4 recommendations to address inadvertent citation of
retracted research, and formation of a working group to develop the Communication of Retractions, Removals, and
Expressions of Concern (CORREC) Recommended Practice. Further work will be needed to determine how well retractions are currently documented, how retraction of code and datasets impacts related publications, and to identify if
retraction metadata (fails to) propagate. Outcomes of all this work should lead to ensuring retracted papers are never
cited without awareness of the retraction, and that, in public fora outside of science, retracted papers are not treated
as valid scientific outputs.
Keywords: Retraction, Publication ethics, Citation, Spread of retracted research, Citation of retracted research

Background
Retraction is a mechanism for alerting readers to unreliable material and other problems in the published scientific and scholarly record. Retracted publications generally
remain visible and searchable, but the intention of retraction is to mark them as “removed” from the citable record
of scholarship. As noted in the Committee on Publication
Ethics (COPE) Retraction Guidelines, “The main purpose
of retraction is to correct the literature and ensure its
integrity” [1]. It may be applied to a number of problems

(see Table 1). COPE also notes that “Prompt retraction
should minimise the number of researchers who cite the
erroneous work, act on its findings, or draw incorrect
conclusions such as from ‘double counting’ redundant
publications in meta-analyses or similar instances.” [1].
There are a variety of ways to view the purpose of retraction: alerting readers to unreliable material, cleaning up
the literature, correcting the literature, amending the literature, etc. These phrases are used throughout this paper
as different ways of describing retraction.

Table 1 Current retraction standards from the Committee on Publication Ethics (COPE) [1] and International Committee of Medical
Journal Editors (ICMJE) [2]
COPE

ICMJE

Reasons for retraction

  • Unreliable findings
  • Plagiarism
  • Redundant publication
  • Lack of authorization to publish content
  • Legal issues
  • Unethical research
  • Published due to compromised peer review
  • Conflict of interest

  • “Errors serious enough to invalidate a paper’s
results and conclusions”
      ◦ Honest error
      ◦ Scientific misconduct
  • Duplicate publication

Retraction notice guidelines

  • Link to retracted article
  • Clearly identify the article being retracted
  • Clearly identifiable as a retraction notice
  • Published promptly
  • Freely available
  • State who is retracting the article
  • State reason for retraction
  • Be objective and factual
  • Editors should negotiate with authors on wording

  • Link to retracted article
  • Clearly identifiable as a retraction notice
  • Included in Table of Contents
  • Identify retracted article in heading
  • Include citation to retracted article
  • Authors of retraction notices should be authors of
retracted paper when possible
  • State reason for retraction

Retraction process

  • Editors should follow COPE Guidelines: Cooperation
between research institutions and journals on research
integrity cases [3] and CLUE guidelines [4]
  • Authors’ institutions should be notified of misconduct
  • Decision to retract ultimately falls to journals
  • If evidence of unreliability is inconclusive, retraction is
usually not called for, but an expression of concern may
be published
  • Retractions should not be issued solely because of
authorship disputes

  • Follow COPE guidelines when misconduct is
alleged
  • Retract if misconduct is proven; if inconclusive, letters to the editor may be published to show areas
of debate
  • Previous works of the author of a retracted paper
should not be presumed invalid, but expressions of
concern may be published

Citing retracted papers

Not covered by COPE Retraction Guidelines

  • References should be checked using an electronic
bibliographic source, or an original print source
  • Authors should be sure not to cite retracted
papers without acknowledging the retraction
  • PubMed is an authoritative source for retraction
information
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The spread of retracted science can lead to real harms
in clinical or other settings. For instance, in 2003, a
study was published that reported two medications were
more effective in combination than alone [5, 6]. The
study was retracted six and a half years later, after over
100,000 patients had been given this treatment, exposing them to dangerous side effects [6]. Additionally, R.
Grant Steen found that 17,783 patients were put at risk
by 180 different retracted clinical studies in PubMed, and
165,588 were put at risk by other studies that cited these
retracted studies [5]. Retracted research can pose a threat
to patient health as well as misdirect time, energy, and
funding of those involved, sometimes at the expense of
taxpayers [5, 6].
Another well-known case is the 1998 Wakefield et al.
study that linked the MMR vaccine to autism. The study
was fully retracted in 2010 due to lack of ethical approval,
flawed study design, and “incorrect” elements [7], but
has continued to receive citations in recent years. The
majority of these citing papers disagree with the Wakefield paper and/or acknowledge its retraction [8, 9], perhaps in part due to the amount of attention its retraction
received. However, despite its retraction, the paper may
have had a negative impact on public opinion of the
MMR vaccine [10], as well as vaccination rates, e.g. in
Britain [11].
The spread of retracted research has also played a
role in the misinformation surrounding the COVID-19
pandemic. Over 200 articles related to COVID-19 have
been retracted during the first two years of the pandemic
[12], yet many of them continue to be cited according
to early studies. As of fall 2020, 33 retracted papers had
already been cited by 236 other papers; the papers that
cited those papers (“the second generation of polluted
science”) had been cited 834 times [13]. Frampton et al.
analyzed the first 46 COVID-19-related retractions, and
found that more than half could be found in their original
form (i.e., with no mention of the retraction) on a variety
of websites, as of December 2020 up to 8 months after
the retraction [14].
In addition to its clinical impact, the spread of retracted
science can affect how people interact with the environment and wildlife around them. For example, a study
published in The Proceedings of the National Academy
of Sciences (PNAS) found that closing 5% of the ocean
to fishing would improve catch rates by 20%, but was
retracted due to errors and possible conflict of interest
[15]. The study remains cited in the United States Congressional Record as supporting documentation for a
bill proposed in November 2020 [16]. Another study,
published in 2009 and retracted in 2012 due to unreproducible results, reported that antibiotics in the carcasses of livestock had negative health effects on vultures.
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Supplementing vulture diets with dead livestock is a
common practice, and the paper’s findings called this
practice into question. Removing livestock carrion would
have been a reduction in vultures’ food supply, and could
have resulted in a decline in vulture populations, including the Egyptian vulture [17]. This species is endangered,
with numbers in rapid decline due to multiple factors
including the drug diclofenac [18], a different veterinary
drug than the one that the retracted paper had alleged to
cause harm to vultures. Unreliable information presented
by the retracted paper could have complicated efforts to
identify the factors in the Egyptian vulture’s decline and
to prevent further population loss. These examples demonstrate the potential harms of retracted research and
the need to prevent it from spreading.
Research over the past decade has identified a number of factors contributing to the unintentional spread
of retracted research. Many retracted papers are not
marked as retracted on publisher and aggregator sites
[19, 20], and retracted articles may still be found in readers’ electronic libraries, including in reference management systems such as Zotero, EndNote, and Mendeley
[21]. Seventy-five percent (75%) of the retracted papers
investigated were available in personal Mendeley libraries as of 2012 [21], and readership of retracted papers
on Mendeley continues to grow after retraction [22].
Further, electronic copies persist beyond the publisher
site [21], and large numbers of sites may redistribute
the same paper, without indicating its retraction. It is
unknown how many publishers systematically surveil
bibliographies of submitted manuscripts, or how many
editors query whether a citation to a retracted paper is
justified. While relevant technology exists (e.g., [23]), it is
limited by metadata quality.
When citing retracted papers, authors frequently do
not indicate retraction status in bibliographies or intext citations. A study of citations to retracted papers
in PubMed found that only 5.4% of post-retraction citations acknowledged that the paper they were citing was
retracted [24]. A smaller study, focused on two retracted
COVID-19 articles, found that 52.5% of citations did not
acknowledge the fact that they were retracted despite
the widespread media attention that these retractions
received [25]. In addition to spreading information without notifying readers that the source was retracted, the
citation of retracted papers can also impact the validity
of the paper that is citing it, including meta-analyses that
include retracted papers [26].
While some databases have indexing terms for
retracted publications, in practice, indexed data is incomplete. For example, an analysis of PubMed’s duplicate
publication index in 2013 found 25 retracted publications (identified by publisher notices), many of which (12;
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48%) were not in the retracted publication index; these
problems persisted after contacting PubMed and editors during a 5-year followup period [27]. A 2020 search
found that retraction document types were missing for
58 items in PubMed, 56 in Web of Science, and 8654 in
Scopus (the majority of items in Scopus have since been
corrected); this study identified whether items were
retracted based on retraction labeling in the article title,
so there were likely additional articles it didn’t identify
[28]. A study of the mental health literature found that
only 60% of database records of retracted items indicated retracted status, and of those that did, the majority
only indicated the retraction in one place [29]. Another
study discovered indexing issues in both document titles
and the linking of retracted publications and retraction notices [30]. Such data quality problems may persist for years, despite efforts to alert journal editors and
databases.
Multiple suggestions have been made for ways to
reduce the citation of retracted articles (e.g., [31]). Crossmark [32, 33] was developed in part to enable readers
to check that they have the most up-to-date version of
an article. Indicating retraction through watermarking
PDFs and flagging retraction on HTML pages is important; non-watermarked retracted articles are more cited
than watermarked ones [34], but not all retracted articles are watermarked [14, 35]. Prepending titles with
"RETRACTED:" in databases and scholarly search
engines has also been suggested. Systems to surveil bibliographies in pre-press manuscripts have been suggested
numerous times (e.g., [21, 36]). Researchers in diverse
fields have called for reference management systems
to flag retracted articles [37, 38], and currently we are
aware of three that do, using data from Retraction Watch:
Zotero since June 2019 [39]; Digital Science’s Papers since
September 2021 [40]; and EndNote since November 2021
[41]. Another common recommendation has been to
remove retracted papers entirely (e.g., [22, 36, 42, 43]);
for instance, Rzymski suggests “hard retraction” to handle “cases of fraud or grave errors with broad impacts,”
as a mechanism for removing articles from the publisher
site and most indexes, except for a limited access repository dedicated to retracted papers [43]. Alerting authors
who previously cited newly retracted work has also been
suggested [44, 45].
Following established guidelines can also help reduce
citation of retracted papers. However, practices and
norms vary by field. Table 1 shows COPE and ICMJE
retraction guidelines. ICMJE is focused on medical
journals, and, while COPE has since become interdisciplinary, it was originally created by biomedical journal editors [46], and some of its early guidelines were
explicitly focused on the biomedical field [47]. Much
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of the existing empirical research about retraction is
also focused on biomedical fields, perhaps due in part
to factors such as the high stakes involved with clinical research and the freely available data in PubMed
[48]. However, retraction can occur in any field, though
reasons, context, and rates may vary. For example, in
the arts and humanities, the majority of retractions are
related to recycled work and plagiarism, and a low proportion is related to issues related to data errors [49].
One study found that retractions in the engineering field
were also primarily due to plagiarism and self-plagiarism
[50], though another study found plagiarism to be second to unethical research as the most common reason
for retraction in engineering [51].
Some studies have found that rates of retraction are
higher in certain fields, such as medicine, chemistry and
non-medical life sciences [52]. However, it is important
to note that greater rates of retraction do not necessarily indicate greater rates of error, falsification, or fraud
in a particular field. A greater number of retractions can
instead indicate greater attention to scientific integrity
and validity, as the scholarly community devotes greater
attention to removing errors and fraud from the literature [53, 54]. In particular, applied fields may gain scrutiny from a wider audience than more abstract ones, and
the extent to which work is empirically grounded in evidence that is directly reported can vary between fields.
The goal of the Reducing the Inadvertent Spread of
Retracted Science: Shaping a Research and Implementation Agenda (RISRS) project was to develop an actionable
agenda for reducing the inadvertent spread of retracted
science. This included identifying how retraction status
could be more thoroughly disseminated, and determining what actions are feasible and relevant for particular
stakeholders who play a role in the distribution of knowledge, including researchers, authors, editors, librarians,
data and metadata providers, research integrity organizations, and standards organizations.

Methods
To derive recommendations, we used a year-long process. Briefly, this included a scoping review of empirical
literature (See Appendix C: Literature Scoping Review
Methods and Intermediate Results in [48] and the online
bibliography [55]) and successive rounds of stakeholder
consultation (See [56]; further details are in the Appendix D: Stakeholder Consultation Process in [48]; workshop attendees are also listed on the project website [57]).
The project culminated in a three-part online workshop
(October 26, November 9, and November 16, 2020)
seeded by materials derived from stakeholder interviews
held May 2020 through November 2020 and short original discussion pieces contributed by stakeholders. After
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the workshop, stakeholders were involved in several
rounds of direct feedback to iterate the recommendations before the final RISRS report [48].
Our process was loosely premised upon a five stage
participatory agenda setting model [58, 59] involving
exploration, engagement, prioritization, integration, and
dissemination. The exploration phase consisted of preliminary literature review and the formation of a stakeholder advisory board.
Sixty-five stakeholders were formally enrolled (9 stakeholders participated just in the interview process, 18 in
the workshop alone, and 38 participated in both interview and workshop). 23 stakeholders participated from
the research enterprise (e.g., researcher, research support, research integrity); 18 from publishing (e.g., editor,
publisher, publishing policy, publishing process); 12 from
infrastructure (e.g., software, platforms, communication, metadata); and 12 from policy and standards (e.g.,
funder, government official, policy commenter, journalist, standards organization). For these counts, we treated
2 group interviews with a total of 6 interviewees as 2
stakeholders.
Interviewed stakeholders were asked to discuss their
knowledge and experience with the retraction process,
opinions regarding retraction, and strategies for mitigating the continued circulation of retracted materials. In
the prioritization phase of the cycle, the qualitative analysis derived from the consultations and preliminary literature reviews were initially presented to stakeholders for
feedback in Workshop 1 described below. Workshop 2
and 3 initiated the integration phase, where stakeholders
were asked to refine and prioritize problems and opportunities [see also Additional file 1].
To prepare the initial agenda for the workshop, the
RISRS team (NDW) thematically analyzed interview
transcripts and quotations about problems and opportunities extracted as part of the literature review. Thematic
analysis [60] is a means to organize and describe patterns
within data in rich detail, and was chosen to help facilitate sensemaking activities with stakeholders [60, 61].
First, interview transcripts were coded inductively using
in vivo codes, or codes derived from the data, to identify
patterns of meaning or relevance attributed by the interviewees to the retraction process [62]. This initial coding
produced 160 in vivo codes, which were constructed and
iteratively modified as interviews were completed. They
were subsequently categorized into higher order concept
codes (78 in total).
In parallel to the interview coding, articles from the
preliminary literature review were coded using the
above strategy, moving from inductive in vivo codes, to
deductive coding of problems and opportunities. Interview and document coding resulted in 41 distinct codes
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associated with problems and 38 distinct codes associated with opportunities for addressing the problem of
retracted research in the scholarly communications ecosystem [63].
These analytic codes were then used as the basis for
the development of a set of 6 preliminary themes, or a
conceptual description that named discrete groups of
patterns pertaining to the broad meaning of retractions.
These themes were written up using illustrative quotes
that exemplified elements of the themes. This document was circulated prior to the workshop as a type of
‘member check,’ or respondent validation, where stakeholders checked the narrative accuracy, and interpretive
and descriptive validity of the quotes as paired with the
themes.
Each workshop session was developed around a particular group task, drawing on modified problem structuring approach [64]: Workshop 1 focused on listening
and learning about stakeholder experience with retraction from a variety of participants; Workshop 2 on collaborative agenda setting, where stakeholders prioritized
problems and opportunities; and Workshop 3 on implementation topics, such as barriers to cooperation, and
sustaining commitment to act in the short- and longterm. Topics selected on the basis of the qualitative analysis were discussed using structured conversation patterns
from Liberating Structures [65], encouraging participants
to collaborate to develop solutions, reframe proposed
pathways to reform, and to nominate alternative framings
or problem sets. Shared documents from each workshop
were subsequently analyzed by the RISRS team (NDW),
along with notes from the RISRS team’s (HB, JS, MC,
NDW, RP, TH, YA, YF) embedded participant observations, utilizing the coding strategy outlined above.
The RISRS team produced a series of four drafts over
a period of six months, with one internal and two public
[66, 67] drafts before the final report [48]. Major problems and opportunities identified through the literature
review, interview, workshop and survey process were
described in the first, internal draft. The interview was
presented to stakeholders about a week before a short
working meeting (February 16, 2021) held to gauge stakeholder perceptions, and to give space for discussion for
additional suggestions or refinements. Stakeholders contributed to these drafts by reviewing wording, concept
formulation and supporting inferences. This iterative
and ongoing feedback process helped to scope recommendations from broad concerns, to clear possibilities
for action. Public drafts also received feedback from
a broader community. Following comment and feedback, the recommendations stabilized and additional
background and a research agenda and implementation
model were added to the recommendations document.
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RISRS Project Assumptions

Stakeholder-engaged research is co-constructed between
the researchers and the stakeholders: since the research
involves human interaction, the researchers are an “integral part of the research design, data collection and the
research outcomes” [68]. Our primary perspective drew
on the project director JS’s ongoing research in scholarly communication since 2006, and the lead qualitative researcher NDW’s expertise in science policy and
applied anthropology. Members of the RISRS team who
participated in the workshop as notetakers and facilitators (HB, JS, MC, NDW, RP, TH, YA, YF) contributed a
multidisciplinary background including graduate training
in anthropology: NDW; bioinformatics: YF; chemistry:
YF; finance MBA: MTC; library and information science:
HB, JS, NDW, RP, TK; math: JS; informatics: JS; or undergraduate training in history and informatics with experience in interlibrary loan support: YA. While we count the
start of the project from its funding in February 2020, JS’s
initial views were shaped, starting in 2017, from reading
the scientometrics and scholarly communication literature published since 1990 about the problems of citation
to retracted articles and multiple solutions. Scientists’
voices were amplified by this literature, but the voices of
editors and publishers were more rare.
Given the repeated attention to citation of retracted
papers since the 1990’s, [13, 21, 69–75], we knew that
the inadvertent spread of retracted science was a complicated and long-standing issue. We started from the
assumption that this was a “stuck” problem that would
require collaboration across diverse stakeholders and,
possibly, systemic changes to the way people work across
scholarly communication.
We conceptualize scholarly communications as an
ecosystem comprising the individuals, institutions, and
processes through which research is produced, packaged, managed, disseminated, promoted, consumed,
and preserved into something deemed the scholarly
record. Examples of individuals include publishers, editors, researchers, librarians, standards developers, funding program officers, and technologists. Examples of
institutions include universities, governmental agencies, funding organizations, publishing houses, libraries, standards organizations, and technology providers
(e.g., which include vendors providing search engines,
databases, abstracting and indexing services, computing platforms and other infrastructure, citation software,
etc.). Examples of processes include: submitting, peer
reviewing, or accepting a manuscript; quality assurance;
typesetting; creating metadata; depositing data; curating research products; selling, licensing, and acquiring
books, journals, etc. These are embedded in material,
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social, and technical processes, which we conceptualized
as points of intervention. By working with stakeholders
from across the ecosystem, we endeavored to understand how people interact with retracted research, and
encouraged stakeholders to reflect on how these interactions could be redesigned to interrupt the continued
citation of retracted research in these chains of research
communications.
Scope

Our scope is primarily, but not exclusively, the continued citation and use of retracted research. Our investigation at times strayed beyond citation and use alone.
That is because, for many of the sources and people we
consulted, citation and use are intertwined with a much
broader frame of reference, including the goals, purpose,
and meaning of retraction, expectations regarding its
implementation, and other aspects.
We adjusted our scope as we consulted with stakeholders and learned about new perspectives on the
citation and use of retracted research, as well as areas
of disagreement. Part of the work of this project has
been to move from the widespread view of retraction
as a social problem to a common stakeholder agenda
specifying the range of problems associated with
retracted research and its continued citation. Collaboration across major stakeholder groups is challenged by lack of common agreement about the scope
of the problem, or the efficacy of strategies to address
the issue. For example, retracted research is sometimes framed as an issue of individual misconduct
or accountability. Likewise the continued citation of
retracted research may be framed in terms of breakdowns in editing and publishing processes. Such differences in aim and perspective lead to some tension
about what is needed, and what is possible. On the one
hand, many interviewees called for substantive reform
of the scientific publishing ecosystem itself and its role
in scientific careers. On the other hand, other interviewees called for fine-tuning of current practices and
processes in effect to optimize the retraction process,
and clarify the role of retraction in stewarding the
scientific record. This unresolved tension has limited
efforts to build the will and capacity to address the
continued spread of retracted research.

Results: the Recommendations
By using the process outlined above, we developed 4
broad recommendations (Table 2). Rather than target a
particular sector, or problem, these recommendations
speak to multiple points in the scholarly communications
ecosystem.

Educate stakeholders about preDevelop education aimed at multiple
and post-publication stewardship, groups; build awareness of existing
including retraction and correction resources
of the scholarly record
Develop best practices for emerging
concerns such as preprints; support
authors in identifying authoritative
sources for checking citations

Clarify best practices

Reserve the right to retract in legal
agreements; provide clear instructions for inquiries/concerns

Develop best practices for coordinating the retraction process to
enable timely, fair, and unbiased
outcomes

Develop standards for (1) retraction
labeling in databases and publisher
websites, (2) best practices for availability of retraction information in
databases
Develop and maintain retraction
taxonomy

(1) Adopt standards for citation of
retracted papers, and for labeling
retracted papers, (2) use software
solutions, (3) invest in metadata
quality

Standards organizations

Recommend a taxonomy of retrac- Adopt, and participate in developing,
tion categories/classifications and a retraction taxonomy
corresponding retraction metadata
that can be adopted by all stakeholders

Develop a systematic cross-industry approach to ensure the public
availability of consistent, standardized, interoperable, and timely
information about retractions

Publishers/Journals

Table 2 Reducing the Inadvertent Spread of Retracted Science (RISRS) Recommendations

Evaluate and assess references; clearly
indicate if cited work is retracted;
notify publisher if cited work in
evidence synthesis is retracted; notify
publisher, institution, and coauthors
of issues with a published article

Follow CLUE report recommendations

Become aware of taxonomy and pay
attention to classifications of articles
being cited

Use citation software to flag retractions

Researchers

Scholarly societies, government agencies, and local institutional programming: develop education aimed at
multiple groups

Funders, research institutions: follow
CLUE report recommendations;
Research integrity organizations: clarify
best practices

Working group composed of a variety
of stakeholders: develop retraction
taxonomy

Citation software developers: develop
flags for retracted papers

Other stakeholders
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Develop a Systematic Cross‑industry Approach to Ensure
the Public Availability of Consistent, Standardized,
Interoperable, and Timely Information about Retractions

Over 94% of post-retraction citations in biomedicine
do not demonstrate awareness that the cited item was
retracted [24]. Users’ typical citation workflows may
involve citing preprints, reusing downloaded copies, citing older works contained in their reference managers,
and copying citations from their own or others’ previous
bibliographies [21, 22]. Among citation styles, only the
American Medical Association [76], National Library of
Medicine [77], and American Psychological Association
[78] styles provide explicit standards for citing retracted
papers (See Appendix E: Existing Citation Standards for
Retracted Publications in [48]). Among commonly used
systems, only a handful of databases (such as PubMed
and RetractionWatch) and tools built on them (such as
Zotero, EndNote, Papers and scite) ensure that users
know that a paper they are citing is retracted.
Information about retraction needs to move across
different industry information providers (publishers, abstracting and indexing services, scholarly search
engines, etc.). However, currently this need is challenged
by non-robust dissemination, inconsistent information,
and inconsistent presentation of retraction status information [30, 79–81].
Shared standards amongst publishers are necessary,
but currently there are no industry-wide standards for
retraction information or its visibility. The most widely
accepted guidelines, from the Committee on Publication Ethics (COPE) [1] and the International Committee of Medical Journal Editors (ICMJE) [2], recommend
how to make retraction information easy to use and find.
However, they are not uniformly adopted. Although both
are widely accepted by many publishing groups, particularly in medicine [82, 83], previous research has found
that publishers do not uniformly adhere to COPE and
ICMJE recommendations [84–86] and that more consistent display standards are needed, particularly regarding uniformity in landing pages [81]. In 2015, Retraction
Watch also published its own standard for what a retraction notice should include, with more details than those
of COPE and ICMJE [87].
Supporting and motivating stakeholders to consistently
adopt and follow COPE and ICMJE recommendations
for managing retracted articles and retraction notices
is a baseline for further improvements. Beyond COPE
and ICMJE recommendations, publishers should update
procedures to add ‘Retracted’ to the titles of retracted
articles following the example of the database Web of Science [27, 88].
A standards group should develop best practices for
databases that facilitate the public and unrestricted
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access to and dissemination of retraction statuses and
retraction notices. Processes, model license agreements,
and standards for retraction data interchange are needed
to facilitate information flow between publishers, aggregators, and database providers. Model license agreements could expand on established agreements such as
the National Library of Medicine’s participation agreement for deposit [89].
Future models for disseminating retraction status
include specialized databases such as the Retraction
Watch Database, inclusion in field-specific databases
such as PubMed, and/or as metadata in centralized
repositories such as DOI registrars including CrossRef
and DataCite and others. These data sources are not
mutually exclusive, and ideally, retraction status would
be up-to-date in all sites where readers encounter publications. Although a well-curated infrastructure could,
in principle, be developed from centralizing metadata
sourced from publishers, in practice, relying solely on
publishers poses challenges because different publishers show varied and sometimes inadequate resources
and commitment to metadata maintenance (see, for
instance, the metadata improvement efforts of Metadata 20/20 [90]). General and field-specific databases
also currently curate retraction metadata, but again, the
quality varies [28]. Centralized metadata maintained
by an external group focused solely on retraction, such
as the Retraction Watch Database, ensures high quality, however, it requires an ongoing commitment, with
financial resources for skilled curators and technological
infrastructure.
Sustainable funding sources are urgently needed for
databases to facilitate the public and unrestricted access
to and dissemination of retraction notices. For example,
the difference between restricted access and unrestricted
access, facilitated by funding, can be seen by comparing the Retraction Watch Database to PubMed. Retraction Watch is a public database with restricted access to
over 32,000 retractions in all disciplines [91]. Free public results are limited to 600 and license agreements are
required for bulk use, and (as of January 2022) there is
no Application Programming Interface (API). Its funding has included grants, private donations, and licensing agreements. PubMed is a public database with
unrestricted access to and dissemination of over 10,000
retraction notices [92] in biomedicine. PubMed’s public interface and API are free to users because it is completely funded by the United States government. For
other databases, such as Retraction Watch, that are not
government-funded, additional funding sources could
help make retraction information more free and accessible, especially through automated electronic means of
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data retrieval (e.g., APIs) to track and disseminate retraction statuses.
Another working group should convene composed of
reference and citation industry groups along with members from COPE, the National Information Standards
Organization (NISO), and others. The working group
should be charged with defining best practices addressing
retraction and post publication amendments in citation
styles and citation software; developing additional citation styles and standards for indicating the retraction or
correction status of a paper in text and in a bibliography.
Multiple stakeholders can play a part in adoption.
Citation software developers should add features to flag
retracted papers in their tools (e.g., Mendeley, Paperpile,
RefWorks, etc.); Zotero, which flags retracted papers
based on DOIs in Retraction Watch Database data, can
be used as a model, as well as EndNote [93] and Papers
[40], which announced the integration of Retraction
Watch data in Fall 2021. Researchers should use citation
software that flags retracted papers. Submission management platforms should integrate tools that enable systematic identification of retracted articles. Publishers should
adopt software solutions that enable systematic identification of retracted articles in bibliographies prior to
publication and check bibliographies for retracted paper
as part of manuscript review and publishing workflows.
Publishers should also invest in maintaining metadata,
including promptly registering post-publication amendments with Crossmark [33], which became free to Crossref members in March 2020 [94].
Recommend a Taxonomy of Retraction Categories/
Classifications and Corresponding Retraction Metadata
that can be Adopted by All Stakeholders

A COPE working group noted in 2017 that “No standard taxonomy of updates exists for publishers to adopt.
This leads to inconsistencies from journal to journal
and potential confusion for the reader” [95]. Currently,
retraction notices often provide vague or limited information about the reasons for retraction [84, 96, 97].
Terms currently in use are not used consistently: for
instance, “withdrawal” is currently used in different ways
[98–100].
People using retracted science and evaluating authors
of retracted science demand additional context about
retraction to both clean up the literature and disincentivize misconduct [101]. For example, researchers
concerned with the stigma of retraction would like to
distinguish retraction due to honest error from retraction
due to misconduct [102, 103]. Some journals use “retract
and republish” [104] or “retract and replace” [105] to signal handling of ‘honest’ errors; but some journals “keep
the same DOI for the original and retracted article”,
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leading to poor indexing of these items’ retraction statuses in bibliographic databases [106].
Several taxonomies have been suggested in the literature: Fanelli et al. proposed definitions for 13 types of
amendments, differentiated by asking: What is the issue?
What is the impact? Who caused it? and Who communicated it? [102]. A bottom-up classification of retraction
notices published in the journal Science led Andersen
and Wray to 12 categories of error (4 levels of impact × 3
characterizations of intentionality) [107]. However, concerns about possible reputational damage and the risk
of litigation can disincentivize the use of fine-grained
distinctions about reasons for retraction [108]. A 2017
COPE working group advocated simplicity, using identifiers to interlink publicly available documents [95]
but reducing the complexity of the classification. Their
proposal is centered around ‘use of the neutral term
“amendment” to describe all forms of post-publication
change to an article’ [95]; each amendment notice would
indicate who was issuing it and any dissenters; the type
(“minor”, “major”, or “complete”); links to the article being
amended and associated resources; the date; and an associated narrative, that is “updated as needed with links to
any investigation if that is publicly available” [95]. More
recently, a 2021 COPE RISRS taxonomy working group
made an initial proposal to coalesce on 5 or 6 essential
terms [109].
We recommend that a working group composed of
standards organizations, publishers, platforms, infrastructure providers, and metadata development organizations work to develop a core taxonomy of retraction
categories and corresponding metadata standards in
tandem. The corresponding metadata standards should
draw on existing models of persistent identifiers, versioning, and explicit links between expressions of concern,
retraction notices, and the publications to which they
refer. These links should be both machine-actionable
and human-understandable. The taxonomy should be
integrated with existing versioning systems. The working group should recommend how the taxonomy’s terminology should appear in database records for retraction
notices and retracted articles when the taxonomy is
implemented and adopted.
Models of persistent identifier usage may come from
best practices for research outputs beyond the traditional
scholarly journal article, including preprints, data, software, study protocols, registered reports, and repository
content. Examples of best practices include (1) resolving
a persistent identifier to a tombstone page [110] when
the full-text must be removed; (2) providing versioned
DOIs (e.g. Zenodo’s versioned DOIs for software [111])
so that substantive changes to the content of an item are
reflected by a change to the persistent identifier; and (3)
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using explicit metadata to interlink versions (e.g., DataCite Metadata Schema [112]’s metadata for recording
relations such as "IsNewVersionOf" and "Obsoletes" in
DataCite Metadata Schema [112], or more general Crossref intra-work relationships such as "isReplacedBy" and
"Replaces" [113], as well as older best practices for publications (e.g., the 2008 Journal Article Versions (JAV):
Recommendations of the NISO/ALPSP JAV Technical
Working Group [114])).
Within contemporary scholarly article publishing,
F1000 provides an example of explicit versioning with the
use of persistent identifiers: "All versions of an article are
accessible, each with their own DOI (digital object identifier) and may be cited individually." [115]. Their website
has a useful interface for ensuring that human readers
are alerted to the most recent version of an article. For a
reader browsing an older version of an article, the F1000
website provides a daily notification which states: "There
is a newer version of this article available." Similar notifications exist on preprint servers and data repositories
to indicate new versions, typically in banner messages.
Yet at F1000 the content cannot be viewed before clicking on "Suppress this message for one day": this interaction design ensures that a human reader with standard
web browser settings cannot miss the message. Adoption
of similar alerting would address one the most challenging current problems: ensuring that readers are notified
about retraction.
In order to ensure the taxonomy and metadata are
viable over the long-term, they should be curated and
maintained on a discoverable website with a formal
home and be based in an industry standards organization such as the NISO or the International Association
of Scientific, Technical and Medical Publishers (STM).
Finally, to ensure adoption, we recommend that highly
visible organizations build support and influence through
endorsement and adoption of the taxonomy and metadata standards, in order to support and motivate other
stakeholders to adopt them.
Develop Best Practices for Coordinating the Retraction
Process to Enable Timely, Fair, and Unbiased Outcomes

The time between the publication of papers and their
potential amendment or retraction is a period in which
papers may be adopted, used, and woven into the tapestry of scholarship. The need for retraction can be raised at
any time after publication, and this time has been as long
as 45 years (e.g., [116]). From the point of view of citation
and use, there are two interrelated issues: First, the longer
a publication is "alive" in the literature before retraction,
the more time it has had to accrue citation and use while
considered normal citable literature; this increases the
potential impact on the rest of the literature, because
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there is currently no systematic process for updating
knowledge claims when publications have already been
cited by the time they are retracted [45]. Second, publications with shorter time to retraction may also receive
fewer post-retraction citations [24]. Reducing the time to
retraction is desirable to ensure the clear and timely communication of amendments to publications.
Another danger is that compromised research is
identified but fails to be retracted because of logistical complexity amongst all stakeholders involved in
the retraction process. Additional complications may
arise when the author or editor is no longer publishing
or no longer living [117, 118]. In these cases, failure to
retract enables the continued citation of research that
should have been retracted. Likewise, transfer of journals
between publishers may adversely impact the display of
retraction status.
Existing guidelines acknowledge the problems related
to time to retraction. For example, the COPE 2019 guidelines say: “Publications should be retracted as soon as
possible after the editor is convinced that the publication is seriously flawed, misleading, or falls into any of the
categories described above.” However, stakeholders suggest that coordination amongst authors, co-authors, editors, and in some cases institutions may present complex
logistical problems or conflicts of interest. For example,
review of compromised figures, data sets, and data represented in images can be costly and time consuming.
For editors and publishers, the COPE flowchart library
is in common use, and could be a model for developing workflow models and suggestions aimed at a variety of additional stakeholders. Some interviewees and
workshop participants suggested that efforts to innovate
retraction processes in this nexus—between institutions,
publishers/editors, funders and researchers/editors—are
often hampered by perceptions of risk and liability. Early
adopters of reforms potentially face increased risks (e.g.,
liability) on top of the cost of developing policies and
procedures; potential costs include referral boards or
independent investigative bodies.
Here, we recommend the use of the Cooperation &
Liaison between Universities & Editors (CLUE) report
[4] recommendations to develop best practice guidelines to streamline the retraction process with respect
to institutions and sponsoring agencies by improving
coordination between institutions, publishers, funders
and researchers. Additionally, COPE and the research
integrity groups such as the Association of Research
Integrity Officers (ARIO) and the European Network
of Research Integrity Offices (ENRIO), should work
to clarify best practices and guidelines for journals,
authors, and institutions to efficiently coordinate and
address concerns about published work. This should
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include offering fast-tracks for retraction notices to
move through the process more quickly, if the authors
agree with or request retraction, or if a retraction is
requested following an institutional misconduct investigation. Here, publishers should reserve the right to
retract in legal agreements with authors. Publishers
should also make sure that all journal websites provide clear instructions on how to submit an inquiry or
concern about possible research misconduct or serious
error. For instance, websites may not have updated contact information or email addresses. Finally we suggest
creating a workflow template for starting a retraction
inquiry and adopt a checklist of requisite information
for a retraction notice. Publishers and editorial societies should encourage journal editors and institutions to
develop systematic processes, including templates and
checklists to coordinate and communicate about the
retraction inquiry.
Educate Stakeholders about Pre‑ and Post‑publication
Stewardship, including Retraction and Correction
of the Scholarly Record

Stakeholder education can help researchers and editors understand the range of post-publication corrections. Retraction is a publishing mechanism for
cleaning up the literature, and does not signify misconduct. Currently stakeholders report a tension
between the need to correct the literature and the
need to preserve their reputations, either as researchers or as editors. Fear of stigma or career impacts can
make researchers reluctant to participate in retraction
processes, even to correct honest mistakes or errors.
Fear of litigation makes editors reluctant to initiate
retraction inquiries [1, 119]. Awareness of retraction
and the reasons for retracting research may vary by
field; this contributes to a confusion about the severity and impacts of retraction. Professional, disciplinary and scholarly societies, publishing associations
and editorial groups, government agencies, and local
institutional programming should develop education
aimed at multiple groups. Our detailed recommendations for researchers, authors and editors can be found
in the RISRS report [48]. These are examples; education for additional stakeholder groups, for example,
librarians, developers of bibliographic databases and
search engines, and research integrity officers, should
be developed. Scholarly publications are used not only
within the communities that produce them, but also
more widely for application to public decisions: in the
future, science communicators and journalists as well
other knowledge brokers who help the public interpret
scholarly communication could be a target for further
education as well.
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Discussion
The inadvertent citation of retracted research is a longstanding and severe problem. Our stakeholder engagement study led to 4 recommendations to address this
problem: timely and consistent information display; a
taxonomy and metadata to clarify core retraction statuses; best practices for coordinating the retraction process; and stakeholder education to reduce stigma and
increase acceptability of the full range of post-publication corrections. Many of these recommendations resonate with the independent, pre-existing suggestions of
authors, editors, and publishers in the prior research. The
advantage of a stakeholder consultation process is that it
builds consensus on priorities and momentum towards
change.
To implement these recommendations, standards
development is the next logical step, in order to build
further consensus, and to develop actionable implementations that can be piloted. As a result of the RISRS
stakeholder engagement, a NISO working group is
developing a Communication of Retractions, Removals,
and Expressions of Concern (CORREC) Recommended
Practice, starting in May 2022 [120, 121]. This work
will focus on the first two recommendations: display
issues and metadata for retraction notices, expressions
of concern, and related documents. The recommended
practice will ensure consistent, timely dissemination
of retraction information to both machine and human
readers, directly or through citing publications.
To be successful, implementation of the recommendations will need financial resources from public
and private funders as well as in-kind resources from
publishers, metadata and technology infrastructure
organizations. Compared to the RISRS project, which
was limited by language barriers, timezone coordination, and interpersonal networks to a largely North
American and Western European stakeholder group,
standards development should seek wider and more
representative participation.
In the near term, additional research should also be
funded to support standards development. Research
can address practical questions, such as 1) How well
is retraction currently documented within multidisciplinary databases and search engines? 2) How does
retraction of code and datasets impact related publications? 3) What are some success and failure use cases
for retraction metadata, showing how retraction metadata successfully propagates, or fails to propagate? The
research questions are chosen because of their ability to
support near-term action. The first question, for example, could provide data-driven evidence on the scope
of the current metadata indexing problem. We believe
this could help secure the sustainable funding sources
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that are urgently needed for databases to facilitate the
public and unrestricted access to and dissemination of
retraction notices. The second question is timely given
the increasing attention to scholarly objects, beyond
publication, even in the space of data ethics: in September 2021 a new COPE/FORCE11 Research Data
Publication Ethics taskforce published their best practice recommendations [122, 123]. The third question
will develop hypotheses about what is going right and
wrong, which will help design better metadata workflows in the future.
The NISO CORREC standards development process
is the first stage of a multi-step implementation strategy; once the Recommended Practice is developed, it will
need pilot testing, followed by wider dissemination once
it is validated. Further research will also be needed in the
future. These particular actions—standards development,
and research specifically supporting it—are the highest
priority in the short-term from the more detailed implementation strategy and research agenda presented in the
full RISRS report [48].

Yet there is still more work to be done, and we hope
that by synthesizing this material we not only further the conversation about how to best address the
problems presented by the continued circulation of
retracted research, but as well support stakeholders in
developing practical and actionable strategies within
their zone of influence. It is our hope that further working groups take up the recommendations outlined
above, as well as some of the targeted implementation
priorities that we highlight. We welcome suggestions
for ongoing research and collaboration, via the project
website https://infoqualitylab.org/projects/risrs2020/
or by email to jodi@illinois.edu.

Limitations

The online version contains supplementary material available at https://doi.
org/10.1186/s41073-022-00125-x.

Before consulting stakeholders, we began this project
with assumptions about what the problem was and how
to address it. Our underlying assumption developed
primarily from reading the existing published literature about retraction, and from experience in librarianship, scholarly communications research, and related
areas. In particular, we assumed that a collaborative
effort among various stakeholders would be necessary
due to the limited progress made over the 30 years scientometrics researchers had been attending to retraction. As we began to involve stakeholders, we may have
influenced them with our preconceived notions and our
understanding of the problem.

Conclusions
Addressing the inadvertent, continued citation of
retracted science will require iterative work from many
parts of the scholarly communications ecosystem. Early
implementation activity coming out of the RISRS process has resulted in some promising initiatives that
look at how to develop these recommendations in ways
that will meaningfully address long-standing issues in
the scholarly communications ecosystem that contribute to the continued citation of retracted materials.
The COPE taxonomy working group and the proposed
NISO work item are helping to address this issue by
advocating for stakeholders to address the interlinked
issues, but also innovating practical solutions to be further co-developed in specific sectors of the scholarly
communications enterprise.

Abbreviations
ARIO: Association of Research Integrity Officers; COPE: Committee on
Publication Ethics; ENRIO: European Network of Research Integrity Offices;
ICMJE: International Committee of Medical Journal Editors; NISO: National
Information Standards Organization; RISRS: Reducing the Inadvertent Spread
of Retracted Science; STM: International Association of Scientific, Technical and
Medical Publishers.

Supplementary Information

Additional file 1. Online Supplement Description: Further description of
RISRS workshops and excerpts from 2 surveys of workshop participants.
Acknowledgements
This work was made possible by the participation of our anonymous interviewees and workshop attendees. We gratefully acknowledge all of them,
and publicly thank workshop attendees IJsbrand Jan Aalbersberg, Elsa Alvaro,
Michele Avissar-Whiting, Monya Baker, Caitlin Bakker, Joanne Berger, Lisa
Bero, Elisabeth Bik, Geoff Bilder, Stephanie Boughton, Helena Cousijn, Jennifer
Deal, Nicholas De Vito, Daniele Fanelli, Ashley Farley, Patricia Feeney, Annette
Flanagin, Kathryn Funk, Stephen Gonsalves, Josh Greenberg, Francesca Grifo,
C.K. Gunsalus, Karen Hanus, Joerg Heber, Hannah Heckner, Tom Heyman,
Kathryn Kaiser, Daniel T. Kulp, Stacey Lavelle, Christopher Lehmann, James
Leung, Dmitry Malkov, Aaron Manka, Michael Markie, Kathrin McConnell, Alice
Meadows, David Moher, Josh Nicholson, Ivan Oransky, Laura Paglione, Katrina
Pickersgill, Deborah Poff, Jessica Polka, Sarah Robbie, Pamela Ronald, Bruce D.
Rosenblum, Barbara Ruggeri, John Seguin, Eefke Smit, Elizabeth Suelzer, Sean
Takats, Nicole Theis-Mahon, and Randy Townsend. Thank you also to the wider
community who joined in providing post-workshop feedback on many of the
project outcomes, including Alison Avenell, Jennifer Byrne, Renee Hoch, Hervé
Maisonneuve, Bernd Pulverer, and Iratxe Puebla. We thank Catriona Fennell
for comments on the transfer of journals. Thanks to the peer reviewers and
editors at Research Integrity and Peer Review for useful feedback that helped
distill our ideas.
The RISRS Team: Halle Burns, Jodi Schneider, Katherine Howell, Mary Terese
Campbell, Nathan D. Woods, Randi Proescholdt, Tzu-Kun Hsiao, Yee Yan ‘Vivien’
Yip, Yuanxi Fu, Yoss Arianlou.
CRediT for non-author contributions: Investigation (HB, KW, T-KH, YA, YF, YYVP)
and Project administration (MTC).
Authors’ contributions
RP: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Writing – original draft, Writing – review & editing.
JS: Conceptualization, Data curation, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration, Resources, Supervision,
Writing – original draft, Writing – review & editing. NDW: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project

Schneider et al. Research Integrity and Peer Review

(2022) 7:6

administration, Writing – original draft, Writing – review & editing. The authors
read and approved the final manuscript.
Authors’ information
Jodi Schneider is Associate Professor at the School of Information Sciences,
University of Illinois at Urbana-Champaign where she runs the Information
Quality Lab. She studies the science of science through the lens of arguments,
evidence, and persuasion with a special interest in controversies in science.
Her recent work has focused on topics such as systematic review automation,
semantic publication, and the citation of retracted papers. Interdisciplinarity
(PhD in Informatics, MS Library & Information Science, MA Mathematics; BA
Great Books/liberal arts) is a fundamental principle of her work. She has held
research positions across the U.S. as well as in Ireland, England, France, and
Chile. Her NSF CAREER award uses network analysis to analyze confidence in
research synthesis. She led the Alfred P. Sloan-funded project, Reducing the
Inadvertent Spread of Retracted Science: Shaping a Research and Implementation Agenda.
Nathan D. Woods is a postdoctoral research fellow at the University of
Lethbridge in Alberta, Canada. He works at the intersection of research and
practice on issues related to the production, use, and stewardship of science,
scholarship, and cultural memory. Working with multiple communities of
practice, his larger research agenda considers the complex and dynamic relationships between knowledge, the design of institutions, and the organization
of expert work. Ongoing projects explore the changing organization of scholarship; the science-policy interface; and the democratization of knowledge
production. He holds a PhD in Anthropology from the CUNY Graduate Center;
an MSLIS from the University of Illinois, Urbana-Champaign; and an interdisciplinary BA from Evergreen State College. His work has been funded by the
National Science Foundation and the American Philosophical Society.
Randi Proescholdt is Information & Resource Services Librarian at Menlo
College, where she maintains electronic resources and the library catalog
while serving student and faculty research needs. She has an MS in Library
and Information Science from the University of Illinois at Urbana-Champaign
and a BA in English from the University of Iowa. Her interests include the
organization and communication of knowledge, such as through cataloging
and metadata.
Funding
The project “Reducing the Inadvertent Spread of Retracted Science: Shaping
a Research and Implementation Agenda” was supported by Alfred P. Sloan
Foundation G-2020–12623.
Availability of data and materials
The full RISRS report informing this publication is available on MetaArXiv
Preprints [48]. Many project outcomes are in IDEALS, the UIUC institutional
repository, in the RISRS Collection https://www.ideals.illinois.edu/handle/
2142/108359 and on the RISRS project website https://infoqualitylab.org/proje
cts/risrs2020/.
Data: We have deposited the qualitative analysis of materials used in the
RISRS report in the UIUC Databank [63]. Given the risk of identification, we are
unable to share full transcripts of the interview data.

Declarations
Ethics approval and consent to participate
The project was approved by the Institutional Review Board at the University of Illinois, Urbana-Champaign. All participants provided consent for
participation.
Consent for publication
Participants provided consent for participation, for use and publication of
anonymized direct quotes, and for dissemination of the findings from this project. For this publication, participant input was provided in the development
of the recommendations, but direct quotes from participants were not used.
Competing interests
JS has been an invited speaker for scholarly publishing organizations CrossRef,
the European Association of Science Editors, International Society of Managing and Technical Editors, the Institute of Electrical and Electronics Engineers,
the National Information Standards Organization, and STM and has received

Page 13 of 16

data-in-kind from Retraction Watch and scite. RP and NDW declare that they
have no competing interests.
Author details
School of Information Sciences, University of Illinois at Urbana-Champaign,
501 E. Daniel Street, MC‑493, Champaign, IL 61820‑6211, USA. 2 University
of Lethbridge, Lethbridge, AB, Canada. 3 Menlo College, Atherton, CA, USA.

1

Received: 5 August 2021 Accepted: 3 August 2022

References
1. COPE Council. Retraction guidelines. 2019. https://doi.org/10.24318/
cope.2019.1.4.
2. International Committee of Medical Journal Editors. Recommendations
for the conduct, reporting, editing, and publication of scholarly work
in medical journals. 2019. Available from: http://www.icmje.org/icmje-
recommendations.pdf.
3. Cooperation between research institutions and journals on research
integrity cases: guidance from the Committee on Publication Ethics
(COPE). Available from: https://publicationethics.org/files/Research_
institutions_guidelines_final_0_0.pdf. [Cited 2021 Apr 24].
4. Wager E, Kleinert S, Bähr V, Bazdaric K, Farthing M, Garfinkel M, et al.
Cooperation & Liaison between Universities & Editors (CLUE): recommendations on best practice. Res Integr Peer Rev. 2021;6:6.
5. Steen RG. Retractions in the medical literature: how many patients are
put at risk by flawed research? J Med Ethics. 2011;37:688–92.
6. Naik G. Mistakes in scientific studies surge. Wall Str J. 2011. Available
from: https://www.wsj.com/articles/SB10001424052702303627104
576411850666582080. [Cited 2019 Nov 3].
7. The Editors of The Lancet. Retraction—Ileal-lymphoid-nodular hyperplasia, non-specific colitis, and pervasive developmental disorder in
children. Lancet. 2010;375:445. Elsevier.
8. Suelzer EM, Deal J, Hanus KL, Ruggeri B, Sieracki R, Witkowski E.
Assessment of citations of the retracted article by Wakefield et al with
fraudulent claims of an association between vaccination and autism.
JAMA Netw Open. 2019;2:e1915552.
9. Heibi I, Peroni S. A qualitative and quantitative analysis of open citations
to retracted articles: the Wakefield 1998 et al.’s case. Scientometrics.
2021;126:8433–70.
10. Motta M, Stecula D. Quantifying the effect of Wakefield et al. (1998)
on skepticism about MMR vaccine safety in the U.S. PLoS One.
2021;16:e0256395. Public Library of Science.
11. Harris G. Journal Retracts 1998 Paper Linking Autism to Vaccines. N Y
Times. 2010. Available from: https://www.nytimes.com/2010/02/03/
health/research/03lancet.html. [Cited 2022 Feb 28].
12. Retraction Watch. Retracted coronavirus (COVID-19) papers. Retraction
Watch. 2022. Available from: https://retractionwatch.com/retracted-
coronavirus-covid-19-papers/. [Cited 2022 Feb 28].
13. Van der Walt W, Willems KA, Friedrich W, Hatsu S, Krauss K. Retracted
COVID-19 Papers and the level of “citation pollution”: a preliminary
analysis and directions for future research. Cahiers de la Documentation
- Bladen voor Documentatie; 2020;3–4:206–18.
14. Frampton G, Woods L, Scott DA. Inconsistent and incomplete retraction
of published research: a cross-sectional study on Covid-19 retractions
and recommendations to mitigate risks for research, policy and practice. PLoS One. 2021;16:e0258935.
15. Mossler M. Retraction of flawed MPA study implicates larger problems in
MPA science. Sustain. Fish. UW. 2021. Available from: https://sustainabl
efisheries-uw.org/flawed-mpa-science-retracted/. [Cited 2022 Feb 2].
16. Ocean Climate Action: Solutions to the Climate Crisis. Legislative hearing on H.R. 8632, the Ocean-Based Climate Solutions Act, and H.R. 3548,
H.R. 3919, H.R. 4093, H.R. 5390, H.R.5589, H.R.7387, H.R. 8253, H.R.8627.
2020. Available from: https://www.congress.gov/event/116th-congr
ess/house-event/111092.
17. Marcus A. Carrion, my wayward son: Vulture paper from Spanish
researcher suspected of misconduct retracted. Retraction Watch.
2012. Available from: https://retractionwatch.com/2012/09/10/carri

Schneider et al. Research Integrity and Peer Review

18.
19.
20.
21.
22.
23.
24.
25.
26.

27.

28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.

(2022) 7:6

on-my-wayward-son-vulture-paper-from-spanish-researcher-suspe
cted-of-misconduct-retracted/. [Cited 2022 Feb 17].
Egyptian Vulture (Neophron percnopterus) - BirdLife species factsheet.
BirdLife Int. Available from: http://datazone.birdlife.org/species/factsheet/
egyptian-vulture-neophron-percnopterus/text. [Cited 2022 Feb 20].
Badreldin H, Ghawaa Y, Alshehri A, Alzaharani M, Almubarak A. Exploratory analysis of retracted cardiovascular diseases publications. Preprint
at: https://doi.org/10.21203/rs.2.22359/v1 (2020).
Decullier E, Maisonneuve H. Correcting the literature: Improvement
trends seen in contents of retraction notices. BMC Res Notes. 2018;11:490.
Davis PM. The persistence of error: a study of retracted articles on the
Internet and in personal libraries. J Med Libr Assoc. 2012;100:184–9.
Bar-Ilan J, Halevi G. Temporal characteristics of retracted articles. Scientometrics. 2018;116:1771–83.
Wood C. How we use Crossref metadata. Crossref. 2018. Available from:
https://www.crossref.org/blog/how-we-use-crossref-metadata/. [Cited
2022 Mar 6].
Hsiao T-K, Schneider J. Continued use of retracted papers: Temporal
trends in citations and (lack of ) awareness of retractions shown in citation contexts in biomedicine. Quant Sci Stud. 2021;2:1144–69.
Piller C. Disgraced COVID-19 studies are still routinely cited. Science.
2021;371:331–2. American Association for the Advancement of Science.
Fanelli D, Wong J, Moher D. What difference might retractions make? An
estimate of the potential epistemic cost of retractions on meta-analyses. Account Res. 2022;29(7):442–59. https://doi.org/10.1080/08989621.
2021.1947810.
Malički M, Utrobičić A, Marušić A. Correcting duplicate publications:
follow up study of MEDLINE tagged duplications. Biochem Medica.
2019;29:010201. Croatian Society of Medical Biochemistry and Laboratory Medicine.
Proescholdt R, Schneider J. Retracted papers with inconsistent document type indexing in PubMed, Scopus, and Web of Science [poster].
SIGMET METRICS 2020 Workshop ASIS&T 2020. Available from: http://
hdl.handle.net/2142/110134.
Bakker C, Riegelman A. Retracted publications in mental health
literature: Discovery across bibliographic platforms. J Librariansh Sch
Commun. 2018;6:eP2199.
Schmidt M. An analysis of the validity of retraction annotation in PubMed and the Web of Science. J Assoc Inf Sci Technol. 2018;69:318–28.
Teixeira da Silva JA, Bornemann-Cimenti H. Why do some retracted
papers continue to be cited? Scientometrics. 2017;110:365–70.
Meyer CA. Distinguishing published scholarly content with CrossMark. Learn Publ. 2011;24:87–93.
Crossref. Crossmark. 2020. [Cited 2022 Sep 6]. Available from: https://
www.crossref.org/services/crossmark/.
Mena JD, Ndoye M, Cohen AJ, Kamal P, Breyer BN. The landscape of
urological retractions: The prevalence of reported research misconduct. BJU Int. 2019;124:174–9.
McHugh UM, Yentis SM. An analysis of retractions of papers authored
by Scott Reuben, Joachim Boldt and Yoshitaka Fujii. Anaesthesia.
2019;74:17–21.
Bar-Ilan J, Halevi G. Post retraction citations in context: a case study.
Scientometrics. 2017;113:547–65.
Granter SR, Papke DJ. Opinion: Medical misinformation in the era of
Google: Computational approaches to a pervasive problem. Proc
Natl Acad Sci. 2018;115:6318–21.
Cosentino AM, Veríssimo D. Ending the citation of retracted papers.
Conserv Biol. 2016;30:676–8.
Stillman D. Retracted item notifications with Retraction Watch integration. Zotero Blog. 2019. Available from: https://www.zotero.org/
blog/retracted-item-notifi cations/. [Cited 2019 Sep 29].
Podbelski V. Papers announces expanded retraction support. Papers.
2021. Available from: https://www.papersapp.com/blog-papers-
announces-expanded-retraction-suppor t/. [Cited 2022 Jan 22].
Price G. EndNote adds Retraction Watch notification integration,
similar service available for Zotero and Papers. Libr. J. InfoDOCKET.
2021. Available from: https://www.infodocket.com/2021/11/10/
endnote-adds-retractionwatch-integration-similar-service-also-avail
able-from-zotero/. [Cited 2022 Jan 22].
Bar-Ilan J, Halevi G. Retracted articles–the scientific version of
fake news. The Psychology of Fake News: Accepting, Sharing, and

Page 14 of 16

43.
44.
45.

46.
47.
48.

49.
50.

51.
52.
53.
54.

55.

56.

57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

Correcting Misinformation. London: Routledge; 2020. p. 47–70.
https://doi.org/10.4324/9780429295379-5.
Rzymski P. Retraction in the online world—Shall we rethink the
policy? Sci Public Policy. 2022;49(3):378–81. https://doi.org/10.1093/
scipol/scab085.
Unger K, Couzin J. Even retracted papers endure. Science. 2006;312:40–1.
Fu Y, Schneider J. Towards knowledge maintenance in scientific digital libraries with the keystone framework. Proc ACMIEEE Jt Conf Digit
Libr 2020. Virtual Event China: ACM; 2020. p. 217–26. Available from:
https://doi.org/10.1145/3383583.3398514.
History of COPE. COPE Comm. Publ. Ethics. Available from: https://
publicationethics.org/about/histor y. [Cited 2022 Mar 2].
COPE Council. A code of conduct for editors of biomedical journals.
2004. Available from: https://publicationethics.org/files/u2/Old_
Code_of_Conduct_0.pdf. [Cited 2022 Mar 2].
Schneider J, Woods ND, Proescholdt R, Fu Y, The RISRS Team. Recommendations from the Reducing the Inadvertent Spread of Retracted
Science: Shaping a Research and Implementation Agenda project.
2021. Preprint at https://doi.org/10.31222/osf.io/ms579.
Halevi G. Why articles in arts and humanities are being retracted?
Publ Res Q. 2020;36:55–62.
Solomon D, Heckman C. Engineering literature retractions: applications to scholarly communications training. 2021 ASEE Virtual Annu
Conf Content Access. Virtual: ASEE Conferences; 2021. Available from:
https://peer.asee.org/37068.
Rubbo P, Helmann CL, Bilynkievycz dos Santos C, Pilatti LA. Retractions
in the engineering field: a study on the Web of Science database. Ethics
Behav. 2019;29:141–55.
Zhang M, Grieneisen ML. The impact of misconduct on the published
medical and non-medical literature, and the news media. Scientometrics. 2013;96:573–87.
Fanelli D. Why growing retractions are (mostly) a good sign. PLoS Med.
2013;10:e1001563.
Brainard J, You J. What a massive database of retracted papers reveals
about science publishing’s ‘death penalty.’ Science. 2018. Available from:
https://www.sciencemag.org/news/2018/10/what-massive-database-
retracted-papers-reveals-about-science-publishing-s-death-penalty.
[Cited 2021 Mar 12].
The RISRS Team. Empirical Retraction Lit Bibliography. Reducing
Inadvertent Spread Retracted Sci. Shap. Res. Implement. Agenda. 2021.
Available from: https://infoqualitylab.org/projects/risrs2020/bibliograp
hy/. [Cited 2022 Jan 22].
Woods ND, Schneider J, The RISRS Team. Addressing the continued
circulation of retracted research as a design problem. GW J Ethics Publ.
2022;1. Available from: https://gwpress.manifoldapp.org/read/retraction-
as-a-design-problem/section/32a19ddd-381b-4a4c-aac9-bcbfd10c9c0a.
The RISRS Team. Workshop Attendee List. Reducing Inadvertent Spread
Retracted Sci. Shap. Res. Implement. Agenda. Available from: https://
infoqualitylab.org/projects/risrs2020/attendees. [Cited 2022 Jan 22].
Rosa A, Gudowsky N, Warnke P. But do they deliver? Participatory
agenda setting on the test bed. Eur J Futur Res. 2018;6:14.
Abma TA, Broerse JEW. Patient participation as dialogue: setting
research agendas. Health Expect. 2010;13:160–73.
Braun V, Clarke V. Reflecting on reflexive thematic analysis. Qual Res
Sport Exerc Health Routledge. 2019;11:589–97.
Braun V, Clarke V. Using thematic analysis in psychology. Qual Res
Psychol. 2006;3:77–101.
Saldana JM. The Coding Manual for Qualitative Researchers. 3rd ed.
London, England: SAGE Publications; 2015.
Woods N. RISRS Problems and Opportunities Dataset. Illinois Data Bank;
2021. Available from: https://doi.org/10.13012/B2IDB-2831687_V1.
Mingers J, Rosenhead J. Problem structuring methods in action. Eur J
Oper Res. 2004;152:530–54.
Lipmanowicz H, McCandless K. The Surprising Power of Liberating
Structures: Simple Rules to Unleash a Culture of Innovation. Liberating
Structures Press; 2014.
Schneider J, Woods ND, Proescholdt R, Fu Y, The RISRS Team. Reducing
the Inadvertent Spread of Retracted Science: Shaping a research and
implementation agenda [Draft March 14, 2021] [not peer reviewed].
F1000Res. 2021;10:211. https://doi.org/10.7490/f1000research.11185
22.1.

Schneider et al. Research Integrity and Peer Review

(2022) 7:6

67. Schneider J, Woods ND, Proescholdt R, Fu Y, The RISRS Team. Reducing
the Inadvertent Spread of Retracted Science: Shaping a research and
implementation agenda [Draft April 27, 2021][Not peer-reviewed].
F1000Res. 2021;10:329. F1000 Research Limited. https://doi.org/10.
7490/f1000research.1118546.1.
68. Cuthill F. “Positionality” and the researcher in qualitative research. J Qual
Res. 2015;16:63–70.
69. Decullier E, Huot L, Samson G, Maisonneuve H. Visibility of retractions: a
cross-sectional one-year study. BMC Res Notes. 2013;6:238.
70. Gabehart ME. An analysis of citations to retracted articles in the scientific
literature [Master’s]. Chapel Hill, NC: University of North Carolina at
Chapel Hill; 2005. Available from: https://ils.unc.edu/MSpapers/3050.pdf.
71. Gray R, Al-Ghareeb A, McKenna L. Why articles continue to be cited
after they have been retracted: an audit of retraction notices. Int J Nurs
Stud. 2019;90:11–2.
72. Kochan CA, Budd JM. The persistence of fraud in the literature: The
Darsee case. J Am Soc Inf Sci. 1992;43:488–93.
73. Pfeifer Mark P, Snodgrass GL. The continued use of retracted, invalid
scientific literature. JAMA. 1990;263:1420–3.
74. Bolland MJ, Grey A, Avenell A. Citation of retracted publications: a challenging problem. Account Res. 2022;29:18–25. Taylor & Francis.
75. Wright ND. A Citation Context Analysis of Retracted Scientific Articles.
College Park, Maryland: University of Maryland; 1991.
76. Christiansen S, Iverson C, Flanagin A. AMA Manual of Style: A Guide for
Authors and Editors. 11th ed. Oxford University Press; 2020. https://doi.
org/10.1093/jama/9780190246556.001.0001.
77. Patrias K, Wendling D. Citing Medicine. 2nd ed. US: National Library of
Medicine; 2018.
78. American Psychological Association. Publication Manual of the
American Psychological Association. 7th ed. Washington: American
Psychological Association; 2019.
79. Suelzer EM, Deal J, Hanus K, Ruggeri BE, Witkowski E. Challenges
in identifying the retracted status of an article. JAMA Netw Open.
2021;4:e2115648–e2115648.
80. Wright K, McDaid C. Reporting of article retractions in bibliographic
databases and online journals. J Med Libr Assoc. 2011;99:164–7.
81. Suelzer EM, Deal J, Hanus KL. Challenges in discovering the retracted
status of an article. Discussion paper for Reducing the Inadvertent
Spread of Retracted Science: Shaping a Research and Implementation Agenda; 2020. Available from: http://hdl.handle.net/2142/108367.
[Cited 2019 Nov 17].
82. International Committee of Medical Journal Editors. Journals stating
that they follow the ICMJE Recommendations. Int Comm Med J Ed.
2021. Available from: http://www.icmje.org/journals-following-the-
icmje-recommendations/.
83. COPE Council. COPE Members. COPE Comm. Publ. Ethics. Available
from: https://publicationethics.org/members. [Cited 2021 Mar 5].
84. Balhara YPS, Mishra A. Compliance of retraction notices for retracted
articles on mental disorders with COPE guidelines on retraction. Curr
Sci. 2014;107:757–60.
85. Bilbrey E, O’Dell N, Creamer J. A novel rubric for rating the quality of
retraction notices. Publications. 2014;2:14–26.
86. Snodgrass GL, Pfeifer MP. The characteristics of medical retraction
notices. Bull Med Libr Assoc. 1992;80:328–34. United States.
87. Oransky I. What should an ideal retraction notice look like?. Retraction
Watch. 2015. Available from: https://retractionwatch.com/2015/05/21/
what-should-an-ideal-retraction-notice-look-like/. [Cited 2020 Oct 15].
88. Web of Science: Searching for Retractions. Available from: https://suppo
rt.clarivate.com/ScientificandAcademicResearch/s/article/Web-of-Scien
ce-Searching-for-Retractions?language=en_US. [Cited 2022 Jan 22].
89. U.S. National Library of Medicine. Participation Agreements and
Options. Available from: https://www.ncbi.nlm.nih.gov/pmc/pub/agree
ments/. [Cited 2021 Mar 10].
90. Metadata 20/20. [Cited 2022 Mar 9]. Available from: https://metadata20
20.org/.
91. Retraction Watch. As of today, there are just over 32,000 retractions in our
database. Nearly 10% of them -- 3,172 -- are from just this year. http://
retractiondatabase.org. Twitter. 2021. Available from: https://twitter.com/
RetractionWatch/status/1474043824548847625. [Cited 2022 Jan 22].
92. National Library of Medicine. “retraction of publication”[Publication
Type]. PubMed. Available from: https://pubmed.ncbi.nlm.nih.gov/?

Page 15 of 16

93.

94.

95.
96.
97.
98.

99.
100.

101.
102.
103.
104.
105.

106.
107.
108.
109.

110.
111.
112.
113.
114.

term=%22retraction+of+publication%22%5BPublication+Type%5D.
[Cited 2022 Jan 31].
@RetractionWatch. We’re delighted to report that @EndNoteNews users
will now be notified of retractions of any publications in their library,
thanks to the integration of our database. https://t.co/2v1boOyPuX.
Twitter. 2021. Available from: https://twitter.com/RetractionWatch/
status/1458421915761221643. [Cited 2022 Jan 22].
Meddings K. Encouraging even greater reporting of corrections and
retractions. Crossref. 2020. Available from: https://www.crossref.org/
blog/encouraging-even-greater-reporting-of-corrections-and-retra
ctions/. [Cited 2021 Mar 11].
Barbour V, Bloom T, Lin J, Moylan E. Amending published articles:
time to rethink retractions and corrections? [version 1; peer review: 2
approved with reservations]. F1000Res. 2017;6:1960.
Budd JM, Sievert M, Schultz TR. Phenomena of retraction: Reasons for
retraction and citations to the publications. JAMA. 1998;280:296.
Moylan EC, Kowalczuk MK. Why articles are retracted- a retrospective
cross-sectional study of retraction notices at BioMed Central. BMJ
Open. 2016;6:e012047.
Wiley. Wiley’s Policy for Handling Retractions, Withdrawals, and Expressions of Concern. Available from: https://authorservices.wiley.com/
ethics-guidelines/retractions-and-expressions-of-concern.html. [Cited
2021 Apr 13].
Boxheimer EW, Pulverer B. Self-correction prevents withdrawal syndrome. EMBO J. 2019;38:e70001. John Wiley & Sons, Ltd.
McCook AA. The retraction process needs work. Is there a better way?.
Retraction Watch. 2018. Available from: https://retractionwatch.com/
2018/03/13/the-retraction-process-needs-work-is-there-a-better-way/.
[Cited 2021 Dec 23].
Wager E, Williams P. Why and how do journals retract articles? An analysis of Medline retractions 1988–2008. J Med Ethics. 2011;37:567–70.
Fanelli D, Ioannidis JPA, Goodman S. Improving the integrity of published science: an expanded taxonomy of retractions and corrections.
Eur J Clin Invest. 2018;48:e12898.
Glass DJ, Flier JS. Dealing with consequences of irreproducibility and
modifying the published literature: retractions versus revisions. Cell
Metab. 2017;26:695–6.
Cagney H, Horton R, James A, Kleinert S, Nyakoojo Z, Pryce L, et al.
Retraction and republication—a new tool for correcting the scientific
record? Eur Sci Ed. 2016;42:3–7.
Baskin PK, Mink JW, Gross RA. Correcting honest pervasive errors in the
scientific literature: Retractions without stigma. Neurology. 2017;89:11–
3. Wolters Kluwer Health, Inc. on behalf of the American Academy of
Neurology.
Marasović T, Utrobiĉić A, Maruŝić A. Transparency of retracting and
replacing articles. Lancet. 2018;391:1244–5.
Andersen LE, Wray KB. Detecting errors that result in retractions. Soc
Stud Sci. 2019;49:942–54 SAGE Publications Ltd.
Tourish D, Craig R. Research misconduct in business and management
studies: causes, consequences, and possible remedies. J Manag Inq.
2020;29:174–87.
Flanagin A, Heckner H, Poff D, Seguin J, Schneider J. A cross-industry discussion
on retracted research: Connecting the dots for shared responsibility. Society
for Scholarly Publishing 43rd annual meeting, May 2021. 2021. Available
from: http://hdl.handle.net/2142/110140. [Cited 2021 Jun 23].
DataCite. Best Practices for Tombstone Pages. DataCite Support. [Cited
2022 Feb 28]. Available from: https://support.datacite.org/docs/best-
practices-for-datacite-members.
Lars Holm Nielsen. Zenodo now supports DOI versioning! 2017. Available from: https://blog.zenodo.org/2017/05/30/doi-versioning-launc
hed/. [Cited 2022 Feb 20].
DataCite Metadata Working Group. DataCite Metadata Schema Documentation for the Publication and Citation of Research Data and Other
Research Outputs v4.4. DataCite. 2021. p. 82.
Farley I. Relationships between different research objects. Crossref.
Available from: https://www.crossref.org/documentation/content-regis
tration/structural-metadata/relationships/. [Cited 2022 Mar 7].
NISO/ALPSP Journal Article Versions (JAV) Technical Working Group.
NISO-RP-8–2008, Journal Article Versions (JAV): Recommendations.
NISO; 2008 p. 37. Report No.: NISO-RP-8–2008.

Schneider et al. Research Integrity and Peer Review

(2022) 7:6

Page 16 of 16

115. F1000Research. FAQs. F1000Research. Available from: https://f1000
research.com/faqs. [Cited 2021 Mar 12].
116. Kozlowski K, Turner G. Retraction Note to: Stickler syndrome report of a
second Australian family. Pediatr Radiol. 2020;50:1310–1310.
117. McCook A. Poll: Should there be a statute of limitation on retractions?
Retraction Watch. 2016. Available from: https://retractionwatch.com/
2016/04/22/poll-should-there-be-a-statute-of-limitation-on-retra
ctions/. [Cited 2022 Jan 30].
118. Malicki M, Jeroncic A, ter Riet G, Bouter LM, Ioannidis JPA, Goodman SN,
et al. Preprint servers’ policies, submission requirements, and transparency in reporting and research integrity recommendations. JAMA.
2020;324:1901.
119. Williams P, Wager E. Exploring why and how journal editors retract
articles: findings from a qualitative study. Sci Eng Ethics. 2013;19:1–11.
120. NISO. Work Item Title: Communication of Retractions, Removals, and
Expressions of Concern. NISO; 2021 Aug. Available from: https://groups.
niso.org/higherlogic/ws/public/download/25898.
121. NISO. NISO voting members approve work on Recommended Practice
for retracted research. 2021. Available from: https://www.niso.org/
press-releases/2021/09/niso-voting-members-approve-work-recom
mended-practice-retracted-research. [Cited 2021 Nov 9].
122. Puebla I, Lowenberg D, FORCE11 Research Data Publishing Ethics WG.
Joint FORCE11 & COPE Research Data Publishing Ethics Working Group
Recommendations. Zenodo; 2021. Available from: https://zenodo.org/
record/5391293. [Cited 2022 Mar 10].
123. Lowenberg D, Puebla I. Responsible handling of ethics in data publication. PLoS Biol. 2022;20:e3001606.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

