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ABSTRACT
This perspective paper analyzes the rising threat of retracted scien-
tificworks and the challenges of preventing the continued spreading
and use of the retracted science; further, a framework is proposed
for research and actions to effectively manage retractions in the
information ecosystem. The precipitous increase in retractions of
scientific publications is real and the complexity of retracting pub-
lications challenges current IR systems and people’s information
behaviors. Retracting published, especially peer-reviewed, papers
in prestigious venues is a complex phenomenon involving various
entities through often time-consuming processes. These publica-
tions may be accessible from the original venues, digital archives,
or free-access databases, but these systems differ in retrievability
and output. Many systems do not identify the retractions or reasons
for retractions; most systems do not treat the retracted paper and
its related notices (retraction or correction) as an integrated entity.
Studies found that many retracted publications continue to be cited
post-retraction as valid science. A new threat is the widely spread of
retracted publications on social media. Retracting invalid scientific
publications has serious implications in the real world. Based on
current findings, we propose (1) a framework for further research;
(2) a DOI resolution to integrate the documents related to retrac-
tion/correction; (3) a structured facet taxonomy for representing
and indexing the retracted, corrected, or republished publications
in databases; (4) a retraction registry or database with personalized
AI helper for researchers to tract retracted publications; (5) an ap-
proach for understanding how retracted publications are circulated
on social media.
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1 INTRODUCTION
A rapid growth in science was predicted 60 years ago by de Solla
Price [1]. White (2021) reports that World publication output in
science and engineering reached 2,940,807 articles for conference
proceedings and peer-reviewed journals in 2020. Based on the data
in Table SPBS-2 (https://ncses.nsf.gov/pubs/nsb20214/data#table-
block., the average annual growth was 5.15% for this century with
the highest at 12.20% in 2005 [2]. Today, science is not only big but
also open. The scientific publishing ecosystem is facing many new
threats including predatory journals [3, 4], faked peer reviews [5],
and paper mills that sell authors with fraudulent papers published
in hijacked or reputable journals [6, 7]. Further, these illegitimate
papers or journals are being cited by papers published in legitimate
journals [8]. The precipitous increase in retractions in this century
was observed by many studies e.g., [9], and was found more serious
in medicine and life science [10, 11], but also occurred in computer
science [12]. We searched three bibliographic databases, Web of
Science (WoS), Scopus, and PubMed plus the retractiondatabase by
the Retraction Watch to observe the retracted publications between
2001 and 2021 (Table 1). Distributions of the retracted publications
were visualized to show the top categories and differences in classi-
fications by Scopus and WoS (Figure 1).

This perspective paper will discuss the current research on re-
tracted scientific research publications and the implications of the
findings on researchers and medical information users in the real
world. The main purpose of this paper is to raise awareness of the
complexity of retracting published research works and advocate
much-needed research to understand how information retrieval
systems should help researchers and information users minimize
the negative impact of retracted invalid science. The ultimate goal
is to propose a model for AI-based personalized intelligent agents
to effectively manage retractions and being-retracted works for
researchers who collected and are using retracted publications in
projects and publishing research results.
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Table 1: Retracted publications in major databases (searches on December 29, 2022)

Pub. Year Web of
Science

Scopus PubMed (retracted publication; express
of concern; Corrected/republished)

Retractiondatabase (Retraction;
Express of Concern; Correction)

2001 114 (150; ; 93) (236; 15; 7)
2002 114 (170; 2; 80) (297; 14; 15)
2003 143 (197; 2; 80) (314; 20; 20)
2004 186 1 (251; ; 75) (391; 21; 29)
2005 224 1 (309; 5; 76) (477; 23; 23)
2006 307 3 (395; 3; 59) (582; 26; 31)
2007 427 62 (398; ; 68) (770; 21; 37)
2008 409 75 (453; 5; 43) (752; 35; 36)
2009 750 753 (491; 4; 32) (1590; 46; 59)
2010 870 4358 (556; 4; 47) (5,240; 322; 69)
2011 1157 * 4121 (607; 3; 24) (5,180; 69; 61)
2012 480 87 (672; 13; 26) (1,322; 65; 78)
2013 441 312 (699; 16; 18) (1,419; 68; 93)
2014 539 83 (926; 30; 28) (1,563; 85; 77)
2015 582 119 (906; 29; 24) (2,366; 81; 92)
2016 512 101 (764; 54; 13) (2,047; 97; 72)
2017 525 106 (844; 54; 27) (1,800; 114; 58)
2018 538 186 (1154; 69; 2) (2,468; 180; 65)
2019 659 101 (1353; 136; 23) (2,173; 148; 56)
2020 488 77 (1118; 282; 41) (2,621; 137; 36)
2021 309 262 (725; 335; 28) (2,548; 659; 18)
Total 9,774 10,808 (13,138; 1,045; 930) (36,156; 2,246; 1,032)
* A publisher retracted a volume of 762 papers from Energy Procedia (DOI:10.1016/S1876-6102(14)00453-6)
Search results may have duplicated or missing records due to how IRs index the retracted documents and their retraction notices, as well
as how search/filter functions are provided.
WoS query: (TI=(retraction OR retracted) AND DT=(Retracted Publication)) AND PY=(2001-2021)
Scopus query: TITLE ( retracted OR retraction ) AND ( PUBYEAR > 2000 PUBYEAR < 2022 ) AND DOCTYPE (tb)
PubMed queries: “retracted publication"[pt], “expression of concern” [pt], “corrected and republished article” {pt} as three individual
searches
Retractiondatabase.org: searched for publication year as a range (from MM/DD/YYYY to MM/DD/YYYY) with Nature of Notices limited
to one at a time for Retraction, Expression of Concern, or Correction

Figure 1: Subject categories of retracted publications from Scopus and WoS (Data in Table 1)
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2 RETRACTION IN CONTEXT
The Committee on Publication Ethics (COPE) published The RE-
TRACTION GUIDELINES [13] to advise editors and publishers on
how to correct or retract erroneous or flawed publications, how to
notify readers about a retraction of or an ongoing investigation of
a publication, and what to do if an investigation results in inconclu-
sive evidence to justify a retraction. The International Committee
of Medical Journal Editors (ICMJE) also provides recommendations
for corrections, retractions, republications, and version control
referencing COPE’s guidelines and flowcharts. ICMJE describes
scientific misconduct in research as not limited to data fabrication
and plagiarism. [14]

2.1 Defining Retraction and Retracted
Documents

COPE’s RETRACTION GUIDELINES state
“Retraction is a mechanism for correcting the litera-
ture and alerting readers to articles that contain such
seriously flawed or erroneous content or data that
their findings and conclusions cannot be relied upon.
Unreliable content or data may result from honest
errors, naïve mistakes, or research misconduct.
“The main purpose of retraction is to correct the liter-
ature and ensure its integrity rather than to punish
the authors.
“Retractions may be used to alert readers to cases of
redundant publication, plagiarism, peer review ma-
nipulation, reuse of material or data without autho-
risation, copyright infringement or some other legal
issue (eg, libel, privacy, illegality), unethical research,
and/or a failure to disclose a major competing interest
that would have unduly influenced interpretations or
recommendations.” [13]

According to COPE, a retraction notice is for a single retracted ar-
ticle that should mention reasons and basis for retraction to inform
readers, as well as identify by whom the article is retracted (e.g., by
the authors or the journal). Partial retractions are not recommended
because it is difficult to determine which parts may be relied upon.
The expression of concernmay be used as an alternative to retraction
to alert the reader that the article is under investigation.

In further discussion, we use the terms documents, articles, pa-
pers, and publications interchangeably.

2.2 Current Practices of Retractions
The current practices vary by publishers, journals, and bibliographic
databases regarding terminology, notices, and details. In Appendix
A.1, we analyze a case to show the complexity of retracting a pub-
lished paper. In this section, we provide examples for each type of
post-publication status change.

2.2.1 Expression of concern as editorial notes. The data from
PubMed and Retraction Watch (Table 1) show that Expression of
Concern was used less than Retraction. The case below shows that
the journal published an Expression of Concern when the editors
were informed of data manipulation by one of the co-authors and

started the subsequent process of investigation. The follow-up Edi-
torial Note informs “no further action” based on the experiments
of two independent labs that largely confirmed the article’s central
conclusions. (See Appendix A for another example of an Expression
of Concern with the outcome of retracting the article.)

1. The article was published in Cell on June 2, 2006, DOI:
10.1016/j.cell.2006.03.044

2. Expression of Concern was published on April 7, 2016. DOI:
10.1016/j.cell.2016.03.038

3. Editorial Note was published on September 8, 2016,
regarding the outcome of the investigation. DOI:
10.1016/j.cell.2016.08.062

Although this case shows the journal’s effort to ensure the accu-
racy of scientific results, the IR users may be confused because the
three documents above each have a unique DOI and publication
date, but identical title and authorship. Currently, the three docu-
ments are not integrated into a set for users. Integrating the three
documents is important for understanding the history surrounding
the concerns.

2.2.2 Retraction of published articles. The data from PubMed and
Retraction Watch (Table 1) show that Retraction is the most among
the three types of status change. This article in Nature was retracted
in less than one year by the authors.

1. The article was published in Nature (26 May 2021) DOI:
10.1038/s41586-021-03503-5

2. Retraction Notice was published on 24 February 2022 by the
authors, DOI: 10.1038/s41586-022-04525-3

From the original article, two sentences under the title section:
“This article was retracted on 24 February 2022. This article has been
updated.” Each of the sentences was link is to the same Retraction
Notice, which states:

“. . .. . . We made an error in calculating the global
mean precipitation: we used arithmetic averaging to
calculate the mean, instead of calculating a spatially
weighted mean to account for the changing grid box
size with latitude. As a result, the magnitudes of the
global mean precipitation time series were underesti-
mated. This impacted the subsequent calculation of
global mean evapotranspiration, resulting in themean
evapotranspiration values being underestimated and
altering some results. We are therefore retracting this
article. We thank Ning Ma and others for bringing
this error to our attention.”

As above, there is no mention of a new article or the updated
calculation results. The article’s webpage has “RETRACTED ARTI-
CLE:” preceding the title and its Cite this article provided citation
also has “RETRACTED ARTICLE:” preceding the title. In Research-
Gate, however, the title of this article’s record does not have the
word “Retracted,” but the preview of the first page has the stamp
“RETRACTED ARTICLE.” In a controversial site for free pdf articles,
Sci-Hub, we were able to download the pdf file using DOI. The ver-
sion was not stamped “RETRACTED ARTICLE” (likely the version
before the retraction).

As of December 25, 2022, a search of Web of Science using DOI
found the article marked as “Highly Cited Papers” and “Hot Papers,”
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but the record does not have a “Retracted Article” leading title, nor
a link to the Retraction Notice. A search of the title will retrieve
both the record for the article and the record for its RETRACTION
Notice. The same search of the DOI in Scopus resulted in the article
record with an Update notice below the title linked to the Retraction
Notice, but the article’s record does not have “Retracted Article” in
the title. PubMed also has twomutually linked records for the article
and its Retraction Notice. Although the autogenerated citation by
PubMed added “Retraction in: . . .. . .,” the term “Retracted Article”
was not leading the title. All three bibliographic databases did not
add “Retracted Article” in their records’ titles. We found that in the
record from SAO/NASA Astrophysics Data System (ADS), the title
has “Retracted Article:” at the beginning. Retrationdatabase has
one record that integrated the Retraction Notice with the article.

2.2.3 Correction (updated, erratum, corrigendum). The data from
PubMed and Retraction Watch (Table 1) show that Correction oc-
curred the least. This category is important because the corrected
part may or may not change conclusions or other findings on which
users may rely. The following two examples show different ways
by which journals correct errors. The first example is simply to
correct an inadvertently neglected author in authorship. The author
as the 7th (of the 16 authors) was added to both HTML and pdf (no
different versions).

1. The article was published in Cell on February 25, 2016. DOI:
10.1016/j.cell.2016.02.006

2. CORRECTION was published on April 07, 2016. DOI:
10.1016/j.cell.2016.03.037

The second example published a correction more than 10 years
later.

1. The article was published in Proceedings of the National Acad-
emy of Sciences on January 28, 2008. DOI: 10.1073/pnas.0707594105

2. Correction was published by the journal online on March 19,
2018. DOI: 10.1073/pnas.1803343115

In this case, the investigation was conclusive:
“. . .. . . The Committee concluded that the manipula-
tion of the images in Fig2D could only have occurred
intentionally, representing instances of scientific mis-
conduct. The Committee could not definitively at-
tribute the research misconduct to any individual.
“One author then was able to identify an image copy
of the original . . .. . . The correction does not impact
interpretation of the data.
The corrected figure has been evaluated by the editor
and approved for publication.”

Although the article’s webpage has a note: “THIS ARTICLE HAS
BEEN CORRECTED +” with a link to the Correction, the pdf version
of the original article still has the incorrect image. PubMed used
“Erratum” instead of “Correction” to include the corrected image.
The article is accessible in ResearchGate with all the Figures loaded
by one of the co-authors, including the incorrect image. We have
sent a message to this author and the link to the Correction notice
in ResearchGate. This article has been cited 978 times in WoS all
databases)

2.2.4 Retracting and republishing a paper. This type is not easy to
track from databases. Below are three different situations when a

paper was republished. The first case is about retracting a paper
and republishing it after revisions; the retracted paper was removed
from the journal.

1. The article was published in Population Health Management
online on 28 Nov 2018. DOI: 10.1089/pop.2018.0024, which has
“Retracted:” leading the title, but the page is the same notice as
Retraction below

2. Retraction was published again online on 27 Mar 2019. DOI:
10.1089/pop.2018.0024.retract

3. Republication under the same title and authorship was pub-
lished on 26 Sep 2019. DOI: 10.1089/pop.2019.0054

The retraction was triggered by the developer of a cited instru-
ment who had requested changes to the article. The authors decided
to revise the paper by removing the instrument. The case is beyond
typical errors or flaws as reasons to retract (see 2.1). The retracted
article’s webpage provides a paywall ($51 for 24 hours) access to
the full text, but if the notice is to remove the retracted version.
The reason for the retraction explained in the notice only makes it
necessary to compare the two versions, despite the claim:

“The retraction serves to remove the published version
of the article that contains the MMAS-8 scale and a
revised version that does not contain the tool or any
references to it will be published. The elimination of
the scale does not alter the results or conclusions of
the study.”

There was no link to the republished paper from the retracted
article page or the Retraction page. We, however, found the original
article in Sci-Hub. In a cursory comparison, the republished article
is one page shorter and 9 references fewer than the retracted article.
Because the retractiondatabase does not index “republication,” only
the Retraction notice and the retracted article as one record.

The second case is about retracting a paper and republishing it
with the original paper attached to the new version.

1. The article was published in eBioMedicine on August 25, 2020.
DOI: 10.1016/j.ebiom.2020.102957

2. The article was republished on March 20, 2022. DOI:
10.1016/j.ebiom.2022.103923

3. Retraction and republication notice by The Editors on April 4,
2022, DOI: 10.1016/j.ebiom.2022.103966

The retraction and republication notice state:
“. . .. . .On November 17, 2021, the authors drew our
attention to an error . . .. . . the group allocations to
the magnesium sulphate and placebo study groups
in the paper were inadvertently reversed, making the
findings, as reported, unreliable.
“Today we retract the previous version and re-
publish online the corrected version of the article
DOI:10.1016/j.ebiom.2022.103923 in which the results
are unchanged apart from the treatment group as-
signment. The figures and tables have been corrected
accordingly, and the overall message has been modi-
fied . . .. . .

“The previous version of the Article has been added
to the appendix in the new version and is marked
retracted.”
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The Retraction Notice provided links to both the retracted article
and the republished article. The republished article included the
retracted version, which also helps users to compare the differences
and evaluate the errors.

The third case is about retracting from one journal and repub-
lishing in another journal.

1. The article was published in Isr J Health Policy Res. 2019 May.
DOI: 10.1186/s13584-019-0314-8

2. Retraction of publication note in Isr J Health Policy Res. 2019
July. DOI: 10.1186/s13584-019-0330-8

3. Republished in BMC Health Serv Res. 2019 Jul 3;19(1):445. DOI:
10.1186/s12913-019-4268-x

Both journals are part of Springer Nature, thus a quick turn-
around for the retraction and republication. The Publisher states
that the article was published in Isr J Health Policy Res in error and
is republished in BMC Health Serv Res. The republished paper is
identical in contents and page layout, except for the journal. The
republished paper does not have any notes about replacing the
previously published and retracted paper.

The retracted paper is still accessible in Isr J Health Policy Res
with the term “RETRACTED ARTICLE” on all the pages. Other
bibliographic databases such as academia.edu and ResearchGate.net
also have the original retracted paper’s pdf file that is not marked
“RETRACTED ARTICLE” on pages. The record in ResearchGate has
“Retracted” above the title, but the record in Academia does not
indicate the paper’s Retraction status.

2.2.5 Accessibility of retracted or corrected articles and their notices.
Although some journals provide free access to retracted or corrected
articles, and their notices, most journals we checked still have a
paywall for the retracted or corrected articles or their retraction or
correction notices. When a journal provides free access to retracted
or corrected articles at some point, the previously retracted or
corrected papers and their notices may still be behind a paywall.

The retracted Nature article in 2.2.2 is still subscription or pay-
for-access although its Retraction Notice is free. The following
examples show different ways of handling access by Science:

1. The article was published in Science on 16 July 2010 (online
on 3 June 2010). DOI: 10.1126/science.1188888

2. Correction notice was dated 9 September 2011 in section Cor-
rections and Clarifications (Figure 2, Appendix B)

3. The Correction notice was added to the end of the paper’s pdf
version

Access to the Correction notice published in Corrections and
Clarifications is not free (Figure 2)

Although the one-page section Corrections and Clarifications is
not free, the corrected article is accessible to registered community
users (see below)

We tracked another Science paper that was published in 2006
and corrected in 2016.

1. The paper was published in Science on 21 Apr 2006.
DOI:10.1126/science.1126088

2. Erratum was published on 22 Jan 2016. DOI: 10.1126/sci-
ence.aae0382

For this article, the Erratum is free, which noted that a figure in
the original paperwas incorrectly assembled. A corrected figurewas
included in the Erratum and the original conclusion remained valid.

Figure 2: Paywall for Corrections.

However, the Erratum did not provide a link to the original paper.
We searched and found the original article at https://www.science.
org/doi/10.1126/science.1126088, which has a note on Erratum and
a link to Erratum. The article is also free to registered community
users.

“REGISTER FOR FREE TO READ THIS ARTICLE
As a service to the community, this article is available for free.

Login or register for free to read this article.”
We checked some recently retracted articles in Science and most

of them are free to registered users, such as the 2009 Science paper
retracted in 20110 (DOI:10.1126/science.1174094). However, a 2004
Science paper retracted in 2009 (DOI:10.1126/science.1089509) is
still behind a paywall at this writing. We, however, could not verify
when or which retracted or corrected articles are free to access.

2.3 Retrieval of Retracted Publications in
Databases

The four databases we searched for retracted articles (Table 1) pro-
vided different search features and results to identify and track
retracted publications. Retractiondatabase is the most inclusive and
easy-to-use specialized retraction database. Subject terms can be
selected from a hierarchical classification system. The field Nature
of Notice defines 4 types: (1) Retraction, (2) Expression of Con-
cern, (3) Correction, and (4) Reinstatement (we did not examine
reinstatement as it deals with an online publication temporarily
not accessible). Searches can limit to two types of date ranges, for
publications and/or retractions. The form-fill interface is intuitive
and efficient to search for retracted authors, known titles, and DOIs.
For more comprehensive and open-ended searches producing a
larger number of results, such as reasons for retractions, subjects,
country, journal, publisher, and dates, only 50 records are displayed.
For example, the search for “United States” in Country AND “Re-
traction” in Nature of Notice found 4,604 items, but only 50 were
displayed. The only way to get the 4,604 items is to narrow the
search by date ranges to produce 50 or fewer items repetitively,
which is possible but inefficient. Users may also wish for functions
such as exporting records in results. When we collected data for
Table 1 (last column), we only needed the number of items by year,
not the actual items.

PubMed is a specialized database for biomedical literature with
an advanced query builder to select fields with Boolean opera-
tors. The Publication Type field has the index terms “corrected and
republished article,” “expression of concern,” “published erratum,”
“retracted publication,” and “retraction of publication.” There are
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126,574 records indexed by “published erratum” including both cor-
rection notices, erratum, corrigendum, author response, etc. Each
correction notice is a record in PubMed, thus multiple corrections
were not integrated into the article’s record. For example, the three
records are cross-referenced in PubMed.

1. The article was published in PLoS One, on Jun 17, 2014. DOI:
10.1371/journal.pone.0099868

2. Correction was published on Sep 2, 2015. DOI: 10.1371/jour-
nal.pone.0137930 (to correct a Table)

3. Correction was published on Jan 11, 2018. DOI: 10.1371/jour-
nal.pone.0191394 (to correct 2 Tables)

Searching for known publications (using author, title, or DOI) can
easily find the retracted or corrected publications or their notices
of status changes. Advanced query builders with guided indexes
can perform complex searches,

Web of Science (WoS) uses the filtering field Document Type
to assign index terms: “Correction”; “Correction, Addition”; “Ex-
pression of Concern”; “Retracted Publication”; “Retraction” and
“Withdrawn Publication” to the articles or their notices. In WoS, ad-
vanced searches require terms to be entered in one of the required
fields such as Author, Title, etc. before filtering by Document Type.
Because Document Type is not a search field, we were unable to
break down our search results in Table 1 similar to PubMed and
retractiondatabase.org. When we checked records for the case in
Appendix A, we found the article’s 2014 Expression of concern was
indexed as “Editorial Material” for Document Type. It was unclear
when WoS introduced the above index terms.

Scopus, on the other hand, also uses Document Type to handle
changes to publications. Currently, “Erratum” and “Retracted” are
the only two terms used to index corrected or retracted publications.
“Note” or “Editorial” is used for the retraction notice, expression of
concern, etc.

Our testing searches show that WoS and Scopus do not retrieve
retraction-related records easily or display them as a related set.
Reasons for retractions or corrections are not indexed. PubMed is a
well-designed and implemented database for searching biomedical
and health-related articles and their retractions, but the index term
“published erratum” is not effective in narrow search results.

Last but not least, the only database that integrates the re-
tracted publication and its notices as a single entity is retraction-
database.org, which is important for searchers to get all related
records for the retracted document. WoS, Scopus, PubMed, and ADS
(see example in 2.2.2) index the retracted publication and its notices
as individual records. Therefore, depending on how searches are
formulated and reiterated, users can miss these related documents.

2.4 Summary
Our investigations intended to provide examples to corroborate
reported studies on issues and draw attention to challenges fac-
ing retractions in current information ecosystems. Retraction is a
complex phenomenon with many moving pieces over time, which
makes it difficult for the current information systems to handle.
While COPE’s RETRACTION GUIDELINES provide general prin-
ciples, the specifics for the implementations are decided by the
publishers or journals. To summarize our observations:

1. The word retraction cannot define all types of changes that
occurred post-publication

2. The process of retractions can span decades, which made it
difficult to correct scientific literature

3. There are many parties involved in the process
4. Greater transparencies are needed for retraction notices to

provide details to preserve useful parts of the work and help
users to understand the nature of the problems

5. The notices should include, but often lack, the reasons, his-
tory of the process, event-evoked investigation, etc.

6. A standardized vocabulary is needed for describing and in-
dexing the retracted works by journals and databases

7. Inconsistency in marking the retracted articles affects the
use and citing

8. One retraction notice should be for one retracted article even
if multiple publications of an author were retracted once (e.g.,
DOI: 10.1097/SHK.0000000000001707 retracted three articles
in one Notice)

9. Retracted documents and their notices must be clearly linked
in both directions and output as an integrated entity

10. Paywalls for retraction notices or retracted works make it
difficult to correct errors or use valid results (e.g., Figure 2;
to access the one-page Corrections of an article published in
Thyroid DOI: 10.1089/thy.2010.0376.cxn, $51 for a 24-hour
online view)

3 IMPACT OF RETRACTED SCIENCE
3.1 On Medical Practice
Flawed or erroneous scientific publications have a direct impact on
research. As an example, the retractions of published fraudulent
studies led by Boldt, a highly prolific author, were investigated for
research misconduct and data fabrication. On March 12, 2011, the
Editors-in-Chief of 18 journals jointly made a statement to retract
88 articles out of 102 published by Joachim Boldt for unverified IRB
approval [15]. Following this first set of retractions, more of Boldt’s
publications were retracted over time; Retraction Watch’s database
has 169 retracted articles by Boldt to date including a 1990 article
retracted on 10/13/2022 [16].

To assess the impact of the retractions of Boldt’s publications, a
meta-analysis and systematic review published in 2013 concluded
that excluding his 7 clinical trials involving 590 patients, “hydrox-
yethyl starch was found to be associated with increased mortality
among 10,290 patients.” [17] The clinical guidelines cited in Boldt’s
studies were also reviewed and replaced by new guidelines but
changing the practice of every hospital is a much harder endeavor.

In an investigation of the impact of 12 retracted trial reports
by different researchers, the study [18] found that five of the nine
clinical guidelines cited in these trials would likely be altered if
these retracted trials were excluded. A large-scale study evaluated
788 retracted papers with a focus on 180 retracted primary studies
involving humans; the primary studies treated 9,189 patients. The
851 secondary studies that cited a retracted primary paper treated
70,501 patients. Papers retracted for fraud treated more patients per
study than papers retracted for error. [19]

Additional examples of a high number of retractions in periop-
erative medicine spoke the increasing concern as the phenomenon
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impacts the trust between authors and professionals, and relation-
ships between doctors and patients. Although these retracted fraud-
ulent publications were by a small number of researchers, future
recurrences need to be prevented. [20]

3.2 On Research
In addition to the impact of unreliable research on medical guide-
lines and patient care, as shown in the examples in 3.1, research
built on fraudulent publications is at risk of retraction (The Domino
effect). Some articles, although recommended by domain experts,
were later retracted [21]. More seriously, continued citing retracted
invalid publications are “likely to spread misinformation from the
retracted paper.” [22] In a survey of the authors who cited retracted
trials, the researchers found that a total of 45 of 88 citing publi-
cations had findings likely to change if the retracted trials were
removed; of the 45, 39 were likely substantially impacted. [22]When
the retracted papers were cited as valid science whether pre- or
post-retraction, the citing papers inadvertently spread invalid find-
ings. Several studies tried to understand how the retracted papers
were cited in context. One study [23] found that the majority of the
238 citations of the retracted articles were positive even though the
retractions were due to ethical misconduct, data fabrication, and
false reports. Another study [24] reported that only 5.4% of the 722
citations acknowledged the retractions and the retracted papers
were mostly cited as related work. Analysis of 961 post-retraction
citing articles of 77 retracted articles found that 86% cited without
mentioning retraction or flaws; only 2% debunked the cited articles
without mentioning retractions [25].

3.3 Spreading of Retracted Publications on
Social Media

In today’s social-technical environment, social media such as Twit-
ter, blogs, Facebook, digital news outlets, etc., are circulating re-
tracted publications on a much larger scale and faster [26–29].
Researchers found that the subsequent retraction is not an effective
tool to reduce online attention to problematic papers. [29] The topic
is important but scarce literature exists as research in this area has
just started.

3.4 Post-retraction Citing
The time taken to retract papers varied widely. The longest at this
point is a 1975 paper that was retracted in 2020 by Editors for being
unable to verify parental consent for reported cases (PMID:1233443).
To observe post-retraction citing, studies typically counted citations
one or two years after the retraction as post-retraction citations.
Given the citation window is approximately 5 years, retracting an
old paper may not result in high post-retraction citations. However,
highly cited retracted papers seemed to show a longer citation
lifetime. [21, 30]

Retracted publications may still have valid parts that can be cited.
The problem is that many authors are citing retracted papers with-
out acknowledging the retractions or pointing out the problems
in the papers. [25] Several reasons may contribute to this phenom-
enon. Some authors were citing from the citations in published
papers instead of searching the databases where retractions were
clearly indicated [31]. Due to the time lag between the published

original paper and its retraction notice, researchers might have col-
lected the papers in their pre-retraction versions without tracking
their status again during writing and publishing research outcomes.
Inconsistent retraction practices across journals vary from informa-
tive and transparent to deeply obscure or lacking clarity. Because
retraction processes and notifications vary by publishers and jour-
nals, measures such as “retraction check” are necessary to avoid
citing retracted literature. [32] In fact, a “retraction check” will
require many more strategies than typical known-item searches
as illustrated above. The issues summarized in 2.4 are likely also
contributing to post-retraction citing.

3.5 On Users’ Information-seeking Behavior
To prevent using retracted scientific papers, Enago Academy sug-
gests: “You can now easily weed out bad science by searching for
retracted papers on Retraction Watch.” [33] As shown in section
2.3, we can rank retractiondatabase.org as a top choice for find-
ing articles that were retracted, corrected, or concerned. PubMed
should be searched for as well for biomedical and health-related
publications. WoS provides more data such as funding sources and
citing documents.

With the many other options for users to discover information,
retracted papers are stored and searched differently across informa-
tion platforms. Searches need to be conducted cross-databases using
different strategies and tactics. For example, knowing an author’s
work has been retracted, continued tracking of the author’s other
publications becomes necessary. We searched for retracted articles
by Joachim Boldt (see also 3.1): 40 records in PubMed using query
(“retracted publication” [Pt]) AND (Joachim Boldt[Author]); 136
records in Scopus including Erratum (93), Retracted (26), Editorial
(9), and Note (8); 35 records in WoS for document types as Correc-
tion (16), Retraction (12), and Retracted Publication (7); 169 records
in retractiondatabase.org, which integrated retracted articles with
their notices in one record.

The wide-ranged differences in results from these databases are
due to how the databases indexed the documents and what query
features are provided. Users will need to adapt to each system to
identify or track retracted or corrected publications across different
databases. Because a published paper can be retracted or corrected
anytime to avoid using or citing invalid results in retracted publica-
tions, researchers will need to monitor the literature they use.

Last but not least, users of Sci-Hub downloading full-text pdf
files need to check if the files were the pre-retraction version by
searching both PubMed and retractiondatabase.org.

4 FACE THE CHALLENGES OF RETRACTIONS
It was pointed out more than 30 years ago that:

"Methods currently in place to remove invalid liter-
ature from use appear to be grossly inadequate. Re-
gardless of strides made in controlling fraud, error
is generally considered an inherent and inevitable
aspect of research, and efficient removal of invalid
information from the literature would serve science
well." [34]

As pointed out in a recent synthetic discussion, the situation has
not improved much:
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“. . .. . . current models to correct the literature are un-
able to effectively deal with corrections of errata or
retraction errors when errors are found in these cor-
rection notices. Even though the process for the de-
tection and correction of error and fraud might be
fairly well established and “standardized”, such as in
COPE or ICMJE guidelines, inter-journal and inter-
publisher variability, including editorial responsibili-
ties, will continue to limit the effective correction of
erroneous and fraudulent literature globally.” [35]

There is an increased awareness of the phenomenon of rising
retractions in scientific publications. The RISRS project [36] made
four recommendations:

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 cate-
gories/classifications and corresponding retraction metadata that
can be adopted by all stakeholders. (COPE and NISO are working
on this taxonomy.)

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

4. Educate stakeholders about publication correction processes
including retraction and pre- and post-publication stewardship of
the scholarly record

Calls also from scientists for more transparency in retraction
notices [37, 38] and a self-retraction system for honest errors [39,
40]. Retraction notices have been analyzed for not following COPE
Retraction Guidelines [41, 42]. Their findings include:

1. Retraction notices lack or are highly inconsistent within jour-
nals and across publishers

2. 53% of retraction notices are made without identifying who
initiated the retraction; only 15% were initiated by the authors

3. Retracted articles were not clearly marked as being retracted
4. Reasons for retractions were ambiguous
5. Extents of retraction (e.g., partial retraction vs. erratum)
The inconsistencies in how publishers and databases are han-

dling retraction notices and retracted articles make the retracted
publications difficult to identify or track. Researchers suggest that

“. . .. . .by making the retraction information more
clearly discoverable and standardized, the number
of unintentional and unacknowledged citations of re-
tracted literature will be reduced.” [42]

5 CALL FOR RESEARCH AND ACTIONS
Documents in information systems include attributes and access
points such as authorship, title, journal, conference, subject, classi-
fication, publication date, etc.; information retrieval systems (IRs)
store documents or their representations to enable searching and
filtering during interactive information retrieval (IIR). Most IRs can
follow up with users with personalized alerts on new content based
on searches or stored information needs. However, the current bib-
liographic databases are not designed to manage the complexity
of retracted or corrected documents. Users need to track publica-
tions they have collected thus they need more than searching and
interactions with the systems.

If a document can be subsequently retracted or corrected, the
concept of a document is no longer a permanent product, and its
representations and indexes also need to change along with the sta-
tus. Most importantly, the link between a retraction, or correction
notice as a document and its retracted or corrected document should
be in both directions; in other words, the retraction or correction
notice of the article is an integral part of the retracted document.
The cases of expression of concern about a publication bring chal-
lenges for both IRs and users. First, the notice may lack sufficient
information on the causes. Second, it is uncertain in both time and
outcome of the investigation.

5.1 A Framework for Interactions between
Research and Retracted Publications

The factors related to interactions between research use of litera-
ture in context and retractions of invalid science in processes are
identified in Figure 3. A typical research project may be divided
into four main stages:

1. S1 starts the project during which relevant publications are
collected

2. S2 works in progress during which information seeking is less
active

3. S3 produces findings when researchers search for new publi-
cations but rarely re-track already used publications

4. S4 publishes research outcomes when manuscripts are submit-
ted, revised, and published

Retractions of publications may take three different processes:
1. P1 was initiated by the author and the editor issued a retraction

notice
2. P2 a process started an investigation by the authors’ affiliations

or interinstitutional review board (e.g., the case established →
journal published Expression of Concern→ the decision)

3. P3 made by the journal to retract an article for reasons, such
as duplicated publications, publications having cited retracted pub-
lications or additional publications of a fraud author

Each of the research stages (Sn) may intersect with the process
of a published paper being retracted or corrected (Pm). For example,
if the project is at S1 the published paper D1 is retrieved and useful
for the project at hand. As the project continues, one of the changes
to D1 may happen in these processes:

1. P1: If the author requested to correct or withdraw the paper
D1, the journal will publish a correction D2 or a retraction notice
D4

2. P2: Journal editors retracted D1 and published a retraction
notice D4

3. P3: Article D1 is under investigation, the journal publishes an
expression of concern D3

P3 is the most complicated process. The decisions will depend on
the outcomes of the investigation to justify a correction D2, a retrac-
tion D4, or a republication D5; if the investigation is inconclusive,
there will not be further action, thus an editorial note concludes
the case.

The inseparable relationship of these documents during the
process must be integrated as an entity beyond simply cross-
referencing. That is, if any of the documents about the same work
(the retracted article, its retraction notice, or republished article)
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Figure 3: Framework for research use of retracted publications

are in the search results, the other related documents should auto-
matically be included as a set for the searcher.

What about the searchers who retrieved the document before
its retraction? We will need effective ways to reach them regarding
the changed status of the papers which they have collected and are
using. The description of the retracted documents will need new at-
tributes that do not currently exist in IR models or databases. These
attributes include the history of the events in the process, specific
changes, reasons, etc. are useful information for users. Currently,
as a compromise, PubMed and WoS use the filed document type to
index retracted publications and their notices. As the number of
retractions and corrections increases as an inevitable phenomenon,
finding and tracking retracted publications are more problematic
and the observed inadvertent use of invalid scientific publications
will also continue.

5.2 Need DOI Resolution for the Set of
Documents

The current DOI mechanism is insufficient to track the full history
and background of the retraction and correction or republication
over time. A more robust method is needed, such as Double-DOI
[43]. Another approach is to establish a retraction/correction reg-
istry to enable access to the whole set of documents related to the
process. That is if a searcher only knows one document in the set
(e.g., retraction notice, retracted article, republished article, and
correction notice), the results will provide the set of documents
with history. The registry must use standard taxonomy (see below)
to differentiate types of publication changes and enable searches
for reasons.

Other types of relationships among documents such as Letters to
the editor regarding a published article and Response by the author
also require integrated output. For example,

1. The original article DOI:10.1089/thy.2010.1654
2. Letter to the editor DOI: 10.1089/thy.2011.0179
3. Response by the author DOI: 10.1089/thy.2011.0179.rs

5.3 Need a Taxonomy to Standardize Indexing
and Searching

The use of a single word “retraction” to tag different types of
changes (i.e., retracted, corrected, concerned, or republished) is
inappropriate because a paper with errors may still be useful (i.e.,
“the retraction cause did not invalidate the study results.” [44]) Thus,
information seekers need to have sufficient information to make
decisions on the use of such publications. In a 2011 News Feature
article published in Nature, the suggestion by Rennie, then editor
of JAMA, was quoted as “reserving the retraction mechanism ex-
clusively for misconduct” and the suggestion by Nicholas Steneck,
Founder of World Conferences on Research Integrity, was quoted
as “A better vocabulary for talking about retraction is needed. . . .
Also useful would be a database for classifying retractions.” [44] A
taxonomy should standardize vocabulary for retraction/correction
practices and help information seekers find and identify publica-
tions effectively.

What needs to be in the Taxonomy? We recommend adopt-
ing structured facet categories to include STATUS—REASON—
INITIATOR—EXTENT–HISTORY
1. STATUS
1.1 Withdrawal
1.2 Retracted
1.3 Corrected
1.4 Republish
1.5 Expression of concern
2. REASON
2.1 Duplicated publication
2.2 Error
2.2.1 Data
2.2.2 Statistical
2.3 Findings
2.3.1 Interpretation
2.3.2 Unsupported
2.4 Presentation
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2.4.1 Figure
2.4.2 Table
2.5 Misconduct (intentional act)
2.5.1 Fabricated data
2.5.2 Fraud
2.5.3 Plagiarism
2.6 IRB violation
3. INITIATOR
3.1 Author
3.2 Institution
3.3 Funder
3.4 Editor (Journal)
3.5 Publisher
4. EXTENT
4.1 Full
4.2 Partial
4.2.1 Findings valid
4.2.2 [need more cases to decide]
5. HISTORY (a composite multi-valued attribute)
5.1 Date
5.2 Status [choose from 1]

The following examples show how the faceted taxonomy may
be used to classify or tag the articles:

1. Retraction—IRB violation—Institution—Full—{date1, Expres-
sion of concern; date2, Retraction}

2. Correction—Error, Statistical—Author—Table—{data1, Cor-
rected}

The facet HISTORY will be a composite attribute in the data-
base allowing multi-values. A free text field should also be used to
provide details or specifics.

A complete taxonomy should be built using a bottom-up ap-
proach based on what has been retracted. Retraction Watch has
a list of reasons. One study [38] suggested 17 reasons; another
study [45] derived 13 reasons from the retracted articles collected
in BioMed Central.

5.4 A Global Registry for Retractions and
Corrections of Publications

One of the best solutions might be to design and develop a global
registry for tracking retractions (and corrections) of publications.
The registry will integrate the set of documents and index/tag
them using the standardized taxonomy. For these documents to be
of value, information should focus on transparency and helping
users evaluate the work for adequate use or critique. This registry
should also be a platform for authors of these documents to make
contributions of reflections or share learned lessons.

This database model will be developed as a research project
based on the framework.

5.5 Understanding How Retracted Publications
are Circulated on Social Media

Social media platforms as open and dynamic systems provide new
channels to share publications including retracted papers, espe-
cially on Twitter. These channels influence scholars, practitioners,
journalists, and the public. [26–29] The study [27] observed that
the retracted papers were disseminated widely through multiple

channels months after publication and sooner than other papers;
retractions had a limited impact in reducing the spread of such
dissemination. The phenomenon raises a new challenge: how to
handle retractions of scientific publications across various social
media platforms? Each platform has its unique structure and func-
tions as well as its adopters. Studies of Tweet spreading retracted
publications have moved beyond the counting of the tweets and
retweets over time to analyzing the text to identify if critical tweets
on circulated papers can provide some discussion of or clue to
problematic papers [27, 46].

One way to conceptualize information interactions in a social
network system is to identify the subnetworks in which specific
retracted papers were circulated and discussed. In a substructure of
a social media network, members may belong to different subgroups
and interact on different topics. The nodes represent members and
ties represent interactions that may happen from the influential
member to others or between members on issues and topics. Using
the concept of opinion leader from the diffusion of innovation theory
by Rogers [47] and the concept of centrality and temporal moves
in social network analytics, effective methods can be developed to
impact these subnetwork groups in which retraction notices should
immediately follow the previous circulated retracted publications.

6 CONCLUDING REMARKS
The effort in this research identified the many challenges of the
rising retractions in today’s scientific publications points with a
focus on peer-reviewed publications. It must be pointed out that
the preprints repositories (such as arXiv) or post-publication open
peer-peer systems (such as F1000Research) are facing similar if not
more challenges, which this paper has not been able to address.
The current mechanisms and practices for handling retractions and
corrections of scientific publications by publishers, journals, and
the IR systems are diverse and inconsistent. Information science
as an interdisciplinary field can contribute to more effective solu-
tions, some of which information retrieval and interaction can play
significant roles:

1. The Retraction Guidelines should be revised to be inclusive
and increase specificity: Guidelines for Retraction and Cor-
rection

2. A dedicated information system/database or global registry
for publication retraction/correction should be designed and
implemented for information seekers to get all questions
answered about a publication whose status changed (cur-
rently a user must access different systems to track retracted
publications); the system can also be a platform for authors
of these publications to share reflections and lessons

3. A new data model will need to integrate the set of docu-
ments as one entity (including the original publication, status
change notices, corrected version, and republished version)

4. The representation of this entity needs to use standard tax-
onomy to index/tag what type of changes were made to the
publications, the reasons, the initiator, and if any parts are
still valid after the change

5. The registry and databases should have an AI-based person-
alized intelligent agent for reaching out to researchers who
collected and are using these publications
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6. In the era of open science, consider the opt-in option for
authors to publish their communications with the editors or
explanations about the issues as part of the entity to help
inform the scientific community

7. Research needs to understand how publications are being
circulated on social media (who posted them) and the inter-
actions of the subnetworks; based on this knowledge, we can
develop strategies and design solutions to ensure retractions
reach these subnetwork groups promptly

8. Citing retracted publications need to identify valid results
and problematic aspects to minimize the continued spread-
ing of retracted science (for this, citation guidelines and
online generated citations must mark retracted or corrected
publications)

9. Information behavior solutions: beyond searching to find
relevant documents, researchers need to be aware of the
changing status of the documents that they collected and
used, especially if they are in fields with high retractions

10. Fundings are needed for research and the development of
new models with new features for databases storing and
retrieving retracted publications.
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APPENDICES
A ANALYSIS OF A CASE OF RETRACTING AN

ARTICLE BY A JOURNAL
In this example, we observe this highly-cited article (received 1097
citations in Scopus and 995 citations inWoS) to illustrate the process
of retraction:

1. The original article was published in The Lancet on November
14, 2011. DOI: 10.1016/S0140-6736(11)61590-0

2. Expression of Concern: the SCIPIO trial was posted by Lancet
Editors on April 12, 2014. DOI: 10.1016/S0140-6736(14)60608-5

3. Retraction published by Lancet Editors on March 16, 2019, DOI:
10.1016/S0140-6736(19)30542-2. It states:

“The results of these investigations persuade us that
the laboratory work undertaken by Piero Anversa and
colleagues at Harvard cannot be held to be reliable.
Specifically, there are issues with the data presented
in figures 2 and 3 and supplemental figures 2 and 3.
SCIPIO was a collaboration between Anversa’s labo-
ratory in Boston, MA, USA, and Roberto Bolli’s team
in Louisville, KY, USA. Anversa’s laboratory isolated,
expanded, and characterised the c-kit positive cells,
which were then shipped to Louisville, where they
were administered to patients and all the clinical work
was done. The Louisville team was not involved with
the manufacturing and characterisation of c-kit posi-
tive cells. Although we do not have any reservations
about the clinical work in Louisville that used the
preparations from Anversa’s laboratory in good faith,
the lack of reliability regarding the laboratory work at
Harvard means that we are now retracting this paper.”

How are the three documents linked? Document 1 has two links
to documents 2 and 3 under the section Linked Articles. However,
from document 2, there is only a link to document 1 (Should it link
to Document 3 the decision?). Document 3 only links to document
1, not document 2 (the history was not preserved). The practice is
to link backward but not forward. From the user’s perspective, a
link from document 2 to document 3 is also necessary to follow up
on document 2’s promise: “As soon as The Lancet receives further
information, we will inform readers accordingly.”

How are the article’s HTML and PDF displayed? From the orig-
inal article Webpage, both HTML full text and PDF articles were
clearly stamped as “RETRACTED” but the title does not have “Re-
tracted.” Using the Export Citations, the entry is in Figure 4

How do databases retrieve the three related documents? In WoS
and Scopus, we did a simple search of the first three authors. We
only retrieved the “Retracted:” article. The 964 citing publications
were distributed across three periods:

1. Between publication and Expression of Concern
2. Between Expression of Concern and Retraction
3. Post-retraction
When we searched the title of the original article “Cardiac stem

cells in patients with ischaemic cardiomyopathy (SCIPIO)”, we re-
trieved both the “Retracted:” article and the “RETRACTION:” notice,
not the Expression of concern. Why was the record for “Expression
of concern” not in the results from author or title queries? Searches
using DOI located the records and solved the puzzle too:

1. The Expression of Concern is titled “Expression of concern:
the SCIPIO trial”

2. The original article is titled “Cardiac stem cells in patients
with ischaemic cardiomyopathy (SCIPIO): initial results of a
randomised phase 1 trial”

3. The document type for the record is “Editorial Material”
(WoS now has “Expression of concern” as an index term for
Document Type but not at the time this record was indexed)

We further searched the free databases Crossref and controver-
sial free articles site Sci-Hub. Crossref has the record linked to
the publisher’s pdf with the watermark “Retracted” but the biblio-
graphic record does not have “Retracted” in the title, nor any links
to the Expression of Concern or Retraction Notice. As of December
30, 2022, Sci-Hub has direct access to the PDF article that does not
have a “Retracted” watermark at https://sci-hub.se/10.1016/S0140-
6736(11)61590-0

The case can be summarized:
1. Retracting a published article can be a long process.
2. A set of documents are related; they contain different infor-

mation of importance to science and users.
3. When an article is being investigated under “Expression of

Concern,” its final status is uncertain.
IRs face challenges to integrate the set of related documents in

databases and need search features for these documents.
To minimize and prevent post-retraction use of invalid science,

IIR should develop strategies to inform users about the retractions
and corrections of the articles they have accessed and collected
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Figure 4: Lancet save record

B CORRECTIONS OF MULTIPLE ARTICLES
In Figure 5, the 4th correction is for the example in 2.2.5. This page
is a subscription or pay-for-access. The last sentence states “Addi-
tional information is available at www.sciencemag.org/cgi/content/

full/science.1188888/DC2.” However, the URL will redirect to the ar-
ticle page at www.science.org/doi/10.1126/science.1188888. Readers
need to download the File (wyatt_clarification.pdf) to view addi-
tional information mentioned in the Correction Notice. Although
this downloading is free, it is not easy to find.
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Figure 5: A section for corrections of 5 documents
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