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Abstract

Retracting published scientific articles is increasingly common. Retraction is a self-correction
mechanism of the scientific community to maintain and safeguard the integrity of scientific
literature. However, a retracted article may pose a profound and long-lasting threat to the
credibility of the literature. New articles may unknowingly build their work on false claims made
in retracted articles. Such dependencies on retracted articles may become implicit and indirect.
Consequently, it becomes increasingly challenging to detect implicit and indirect threats. In this
article, our aim is to raise the awareness of the potential threats of retracted articles even after
their retraction and demonstrate a visual analytic study of retracted articles with reference to the
rest of the literature and how their citations are influenced by their retraction. The context of
highly cited retracted articles is visualized in terms of a co-citation network as well as the
distribution of articles that have high-order citation dependencies on retracted articles. Survival
analyses of time to retraction and post-retraction citation are included. Sentences that explicitly
cited retracted articles are extracted from full text articles. Transitions of topics over time are
depicted in topic-flow visualizations. We recommend that new visual analytic and science
mapping tools should take retracted articles into account and facilitate tasks specifically related
to the detection and monitoring of retracted articles.
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Introduction

The reproducibility of findings reported inscientific publicationsis a majorhallmark of the validity of
science If fellow scientists follow thesameprocedure described in a scientific publicatidrey would

expect to be able to reproduce the findings in the original publication to a great extent. However, if
numerous attempts by different scientists could not reproduce the original fintiegssoentists may

start to questionhe validity of the originalpublication The retraction of a scientific article is a formal
action that is taken to purge the article from the scientific literature on the ground that the article in
guestion is not trustworthand thereforeno longerqualified to be part of the intellectual basis of
scientific knowledge.

Retraction is a selforrect mechanism of the scientific commungientific articles can be retracted for

a variety of reasons, ranging from spligiarsm, editorial errors, to scientific misconduct, which may
include fabrication and falsification of data and results. The consequences of these diverse types of
mistakes differ. Some are easier to detect than otRersexample, clinical studies contamieatby
fabrications of data or results may directly risk the safety of patiemtereas publishing a set of valid
results simultaneously in multiple journals is not ethical but nonetheless less likely to harm patients
directly. Some retracted articles magmain to be controversial even after their retractiam. éxample,

Lancet partially retracted 2998 papefWakefield et al., 1998that suggested a possible link between
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combination of vaccineagainst measles, mumps, and rubella and aufit® ultimate full retraction of
the Lancet arti cl ©ntkeiottharn Bahdhecirdluerce af othei rétracked drtidles may
come to an end more abruptly after theitraction, for example, the fabricated stem cell clone by-Woo
Suk Hwang(Kakuk, 2009. Monitoring retractions of scientific article is an importaatrt of the current
practice withnotable examplesuch as Retraction Watth

Monitoring and tracking retracted articlesshaecome increasingly challenginbhe rate of retraction
from the scientific literaturdas been steadilyncreasng. For example, retractions in MEDLINE va
increased sharply since 1980. Reasons for retraction ineludes or nofreproducible findingg40%),
research misconduct (28%), redundant publication (17%) and unstated/unclegWW@&gé) & Williams,
2011). Figure 1l is a snapshot of the status of PubMed as of 3/29/20&& total number of annual
publications in PubMed increased from slightly more than 543,000 articles in 2001 to more than 984,000
articles in 2011The increaséas beememarkably steadygddingabout 45,000 new articles per yeahe
number ofretracted articlein a yearrefers tothe number ofarticlesthat arepublished in that yeasut
subsequentlyetracted The rate of retraction is the number of retraction notices issued eacdttiwdad

by the total number ohew publicationsadded tdPubMed in the same yedrhe retraction rate in 2001
was 0.00005. It was doubléiree times since them 2003, 2006, and 2011, respectively. The retraction
rate in 2011 was 0.00046igure 1 also shows that the number of retracted articles per year peaked in
2006.The blue line is the retraction rate, which is growing up fast. The red line is the actual miimber
retracted articles. Although fewer articles have been retractetent yearghan the 2006 peak number,
we expectthat these numbers will continue to grow becatmsognizing potential flaws in newly
published articlesag behind their initial pubtiations Later in this article, w will provide estimatesof
suchdelaysin terms ofhow long a retraction is most likely to occur and how likely for a retracted article
to be cited after its retraction.

Retraction Rate Increasing in PubMed

Publications in PubMed = PumMed Total +— Retracted Articles —=— Retraction Notice $of Pubibied
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Figure 1. The rate of retraction is increasing in PubMed (As of 3/29/2012).

In light of the urgency and severity of potential consequenhesstudy of retracted articles is still at a
relatively early stage and yet to establishritegralrole in serving scidific communities. Th@awareness

of mistakes in scientific studidgs been improvin{Naik, 20113, especially due to the publicity of high

profile retraction and fraudulent cas@éakuk, 2009 Service, 2002 However, many profound issues

need to be addressed in a broader context over a longer period of time than what is available in the
contemporary literaturdn this article,our primary goal istwofold: 1) to identify the extent to which
retracted articles are interwoven with the rest of the scientific literatuerms of how they are tightly
embedded in cagitation networksand 2) to demonstrate the potentifih visual analytics approach that

can be used by a broad range of researchers and analysts to examine and monitor not only retracted
articles per se but also articles that might be at risk of contamin&tferalso aim to demonstratew

! http:/retractionwatch.wordpress.com/
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sense making tés for situation awareness may be suppodéadnultiple levels of granularity, ranging
from interrelated topics at a macroscopic level down to how a retracted article is cited before and after its
retraction at a microscopic levefl sentences found in fulext articles.

Related Work

Retraction isconsideredas the most serious sanction that can be applied to a scientific publiGtgen,
2017). Studies of retracted articles typically addrasseries of common questionsncerning retractian
For example, Wwat are the most common reasons for retracting an arkide?long on average does a
retraction take place since the initial publication of the article in quegdtiom?often is a retracted article
cited after its retractionExisting studies have not particularly focused on a higihéer of impact of a
retracted article in a broader context in terms of structural and temporal patterns and préf@sties.
tightly is a retracted articlenterwovenin a network of other articles? How often is attention paid to the
need of reexamining the validity of these other articlé¥hat should be done to articles that build on an
ultimately retracted article®/hat analytic toolsare needetb support tasks for monitoring and verifying
the impact of a retracted articl&? the following section, wevill outline findings of existing studies in
the current literaturandhighlight questions that still need to be addressed

Finding Retracted Articles

How do we find out whether an article has been retractén®? retraction of an article is officially
announced in a retraction notice. We describe how retracted articles can be identified in PubMed, the
Web of Science, and Google Scholar

PubMedis the largest publically available resource of the scientific literature with the most extensive
coverage of scientific publications in medicine and related disciplirfes.Publication Type [pt] of the

record ofar et r act i oRetracton DfiPublecationd  TRuldication Type of the record of the
originalar t i cl e i RetractgrRUDtl ¢ ¢ Butb®ed farovidles a list of special queries, including
one for fir et ri&igute@ tlustmtesbthe ihistaryt of thenretraction of the Wakefield paper

we mentioned earlier, which was partially retracted in 2004 and fully retracted in 2010.

Lancet, 1998 Feb 28,351(9103):637-41

lleal-lymphoid-nodular hyperplasia, non-specific colitis, and pervasive developmental disorder in
children.

VWakefield AJ, Murch SH, Anthonv A Linnell J, Casson DM, Malik M. Berelowitz M, Dhillon AP, Thomson MA, Harvey P, Valentine A Davies SE, Walker-Smith JA
Inflammatory Bowel Disease Study Group, Universtty Department of Medicine, Royal Free Hospital and School of Medicine, London, UK.

Retraction in
Lancet. 2010 Feb 6:375(9713)445

Partial retraction in
Murch SH, Anthony A, Casson DH, Malik M, Berelowitz M. Dhillon AP, Thomson MA_ Valentine A Davies SE. Walker-Smith JA Lancet. 2004 Mar
6:363(9411).750

Abstract
BACKGROUND: We investigated a consecutive series of children with chronic enterocolitis and regressive developmental disorder.

METHODS: 12 children (mean age 6 years [range 3-10], 11 boys) were referred to a paediatric gastroenterology unit with a history of normal
de:elopmenl followed by loss of acquired skills, including Ianguage together with diarthoea and abdominal pain. Children underwent

gical, and develop al t and review of developmental records. lleocolonoscopy and biopsy samphng
magnellc resonance imaging (MRI) elecnoencephalography (EEG), and lumbar puncture were done under sed. Barnum follow-through
radiography was done where possible. Bioch logical, and ir gical profiles were examined

FINDINGS: Onset of behavioural symptoms was associated, by the parents, with measles, mumps, and rubella vaccination in eight of the 12

children, with measles infection in one child, and otitis media in another. All 12 children had intestinal abnormalities, ranging from lymphoid nodular
hyperplasia to aphthoid ulceration. Histology showed patchy chronic inflammation in the colon in 11 children and reactive ileal lymphoid hyperplasia in
seven, but no granul Beh sral disord luded autism (nine), disintegrative psychosis (one), and possibli | or vaccinal enceph
(two). There were no focal neurological abnormalities and MRI and EEG tests were normal. Abnormal laboratory results were significantly raised
uninary methylmalonic acid compared with age-matched controls (p=0.003), low haemoglobin in four children, and a low serum IgA in four children

INTERPRETATION: We identified associated g tinal disease and develop | reg in a group of previously normal children, which
was generally associated in time with possible environmental triggers

Comment in

Lancet, 2000 Jul 8:356({9224).161
Lancet. 2000 Jul 8:356(9224):160-1
Lancet. 2004 Mar 6:363(3411).823-4
Lancet. 2004 Mar 6:363(9411).822-3
Lancet, 2004 Mar 6:363(3411).821-2
Lancet. 2004 Mar 6:363(9411):820-1

2 http://www.nchi.nlm.nih.gov/PubMed?term=retracted+publicatiorj+[pt
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Figure 2. A retracted article with a partial retraction and a full retraction. http://www.ncbi.nlm.nih.gov/pubmed/9500320

Similarly to the Publication Type in PubMethe Web of Science defines thl#ocument Typea

bibliographc record interms ofArticle, Review, Correctionand a few other typeFhetype Correctioh

is used for retractions as well ather types otorrections such as additions and er(&eFigure3). The

title of a retraction noticadentifiesthe articleto be retracted by itstttend a phr aseodo fi( Retr
The title of the original article in the Web of Science is modified mliogly to indicate the fact that the
article has been retracted. For exampl e, t he Wake
See vol 375, dggueh)d5, 2010)0 (see

lleal-lymphoid-nodular hyperplasia, non-specific colitis, and pervasive developmental disorder in
children (Retraction of vol 351, pg 637, 1998)

Author(s): Wakefield, AJ (Wakefield, A. J.); Murch, SH (Murch, S. H.); Anthony, A (Anthony, A )
Source: LANCET Volume: 375 Issue: 9713 Pages: 445-445 DOI: 10.1016/50140-6736(10)60175-4 Published: FEB 6 2010
Times Cited: 7 (from Web of Science)

Cited References: 2 [ view related records ] [E=3] Citation Map

Accession Number: WOS:000274757900010

Document Type: Cormrection

Language: English

Publisher: ELSEVIER SCIENCE INC, 360 PARK AVE SOUTH, NEW YORK, NY 10010-1710 USA

Web of Science Category: Medicine, General & Internal

Subject Category: General & Internal Medicine

IDS Number: 558PV

ISSN: 0140-6736

Figure 3. The retraction notice of the Wakefield paper in the Web of Science.

lleal-lymphoid-nodular hyperplasia, non-specific colitis, and pervasive developmental disorder in
children (Retracted article. See vol 375, pg 445, 2010)

Author(s): Wakefield, AJ (Wakefield, AJ). Murch, SH (Murch, SH); Anthony, A (Anthony, A). Linnell. J (Linnell, J), Casson, DM (Casson, DM); Malik, M
(Malik, M), Berelowitz, M (Berelowitz, M); Dhillon, AP (Dhillon, AP); Thomson, MA (Thomson, MA); Harvey, P (Harvey, P); Valentine, A (Valentine, A)
Davies, SE (Davies, SE). Walker-Smith, JA (Walker-Smith, JA)

Source: LANCET Volume: 351 Issue: 9103 Pages: 637-641 DOI: 10.1016/S0140-6736(97)11096-0 Published: FEB 28 1998

Times Cited: 742 (from Web of Science)

Cited References: 26 [ view related records ] Citation Map

Abstract: Background We investigated a consecutive series of children with chronic enterocolitis and regressive developmental disorder
Methods 12 children (mean age 6 years [range 3-10], 11 boys) were referred to a paediatric gastroenterology unit with a history of normal
development followed by loss of acquired skills, including language, together with diarrhoea and abdominal pain. Children underwent
gastroenterological, neurological, and developmental assessment and review of developmental records. lleocolonoscopy and biopsy sampling

magnetic-resonance imaging (MRI), electroencephalography (EEG), and lumbar puncture were done under sedation. Barium foliow-through
radiography was done where possible. Biochemical, haematological, and immunological profiles were examined

Findings Onset of behavioural symptoms was associated, by the parents, with measies, mumps, and rubella vaccination in eight of the 12 children
with measles infection in one child, and ofitis media in another. All 12 children had intestinal abnormalities, ranging from lymphoid nodular hyperplasia
to aphthoid ulceration. Histology showed patchy chronic inflammation in the colon in 11 children and reactive ileal lymphoid hyperplasia in seven, but
no granulomas. Behavioural disorders included autism (nine), disintegrative psychosis (one), and possible postviral or vaccinal encephalitis (two)
There were no focal neurological abnormalities and MRI and EEG tests were normal. Abnormal laboratory results were significantly raised urinary
methyimalonic acid compared with age-matched controis (p=0.003), low haemoglobin in four children, and a low serum IgA in four children

Interpretation We identified associated gastrointestinal disease and developmental regression in a group of previously normal children, which was
generally associated in time with possible environmental triggers

Accession Number: WOS:000072364200010

Document Type: Article

Language: English

KeyWords Plus: CROHNS-DISEASE; MEASLES VACCINATION; AUTISM

Reprint Address: Wakefield, AJ (reprint author), Univ London Royal Free Hosp, Sch Med, Dept Med, Inflammatory Bowel Dis Study Grp, London
NW3 2QG, England

Figure 4. The retracted Wakefield paper as shown in the Web of Science.

% Correction: Correction of errors found in articles that were previously published and which have been made known after that article was
published. Includes additions, errata, and retractiottis://images.webofknowledge.com/WOKRS51B6/help/WOS/hs _document type.html
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In Google Scholar, retractediart | es are i dentified with a prefix
title (seeFigureb). In advanced Scholar search, one can limit the search to all the recortisevgtirase
in the title.

3

-.l allintitle: "retracted article”

%= C fi O scholar.google.ccom/scholar?as_g=&num=108&a

| +You Search Images Maps Play YouTube News Gmail More - Sign in *ﬁ- i

Wy Citations

| GO JSIC scholar [afintitle: "retracted article” AdiEnosd Somiar Searcn

Scholar | Aricles and patents El anytime El include citations El R Create email alertResults 1 - 10 of about 219. (0.09 sec) i

| RETRACTED ARTICLE: Influence of two different volume replacement regimens on renal function in
elderly patients undergoing cardiac surgery: comparison of a new ...
J Boldt, T Brenner, & Lehmann, J Lang... - Intensive care ..., 2003 - Springer
Abstract Objective There is continuing concern on the influence of hydroxethyl starch (HES)
on renal function. Design Prospective, randomized study. Setting University-affiliated
medical center. Patients Forty consecutive patients aged= 70 vears undergoing cardiac ...

| Cited by 125 - Related articles - BL Direct - All & versions

RETRACTED ARTICLE: Influence of different volume replacement strategies on inflammation and
endothelial activation in the elderly undergoing major abdominal ...

J Boldt, M Ducke, B Kumle, M Papsdorf... - Intensive care ..., 2004 - Springer

Abstract Objective Adequate restoration of intravascular velume remains an important

maneuver in the management of the surgical patient. Influence of different volume

replacement regi onin ion/endothelial activation in elderly surgical patients ...

Cited by 115 - Related articles - BL Direct - All 7 versions

RETRACTED ARTICLE: Angiotensin-ll-induced oxidative stress elicits hypoadiponectinaemia in rats
" Hattori, K Akimoto, S5 Gross, S Hattori... - Diabetologia, 2005 - Springer

Abstract Aims/hypothesis Hypertension, endothelial dysfunction and insulin resistance are

associated conditions that share oxidative stress and vascular inflammation as common

features. Adiponectin iz an abundant plazsma adipokine that plays a physiological rele in ...

Cited by 103 - Related articles - A Ersions

4 I 2

Figure 5. Google Scholar tags retracted articles with a prefix RETRACTED ARTICLE.
Table 1 summarizes the number oftractions found in major sources of scientific publications as of
3/29/2012. The search on PubMed contains all the years available, whereas the search on the Web of
Science is limited by the coverage of our institutional subscription (L@86sent).

Table 1. The number of retractions found in major sources of scientific publications (As of 292012).
Sources| Items | Document Type | Search Criteria
PubMed | 2,073 | Retracted Article | fi BtractedPublicatio® [ pt ]
2,187 | RetractionNotice |A Retr acti on of
Web of Sciencg 1,775| Retracted Article | Ti t 1l e cont ains
(1980present)| 1,734 | Retraction Notice | Ti t | e cont ai ns
Google Scholai 219 | Retracted Article | allintitle: "retractedarticle"
Elsevier Content Syndicatio] 659 | Retracted Article | Title: Retracted Article
(CONSYN) (Full Text)

Reasons forRetraction and Related Findings

A retraction sends a strong signal to the scientific community that retracted aatieleso longer
consideredrustworthy and they should be effectively purged from the literaGidies of retraction
have typically focused oformally retracted articlesSomehave suggestetthat retraction should benly
usedto deal withscientific misconduc{Sox & Rennle, 2006 It is believed thamany more articlesould
andshould have been retractésteen, 2011 The following questins arecommonly raised in studies of
retraction

4 http://www.ncbi.nlm.nih.ge/sites/entrez?Db=pubmed&Cmd=DetailsSearch&Term=%22retracted+publication%22%5Bpublication+type%5D
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1 Reasons for retractioii What are the most common reasons that lead to the retraction of an
article? How effective does a retraction serve these reasons? Do scientists simply make mistakes
with good faith © some of them intended to cheat with deliberate misconduct?

9 Time to retractiori How long does it take on average from the publication of a scientific article
to its retraction? What are the factors that may influence the time to retraction?

1 Postretraction citation$ How does the retraction of an article affect citations to the article?
What are the reasons for continuously citing a retracted article?

9 Cause of concerih How was an eventually retracted article noticed in the first place? Are there
any eary signs that one can watch for and safeguard the integrity of scientific publications? What
are the possible ways that a retracted article may damage the scientific literature?

Some of the most representative findings in the literature are summarizatlé®. The most common
causes of initial concern include irreproducibility and an unusually-lexgl of productivity. For
example, Jan Hendrik 86npublished a ne paper every 8 days during his peak time and fabricated 17
papers in 2 years in botBcienceand in Nature (Steen, 2011l Irreproducibility can be caused ba
spectrum of more specific reasoriscluding technicalerrors anddeliberate misconduct. It has been
argued that, pragmatically speaking, fabricating dataraadipulatingresults is perceived to be much
more harmful than plagiarizing a description or an expression. For example, some ressaggeststhat
data plagigismis a more damaging scientific misconduct tkext plagiarism(Steen, 2011

Several studies found that é&kesabout two year®n averagdo retract a scientific publition It could
takeeven longer for articleauthoredby senior researcher§&urvival analysis has been used to analyze
time to retractionespecially to estimate thobability that an article could surviees a function of time
elapsed since its publicatidiirikalinos, Evangelou, & loannidis, 20p&8ased on retractions made in
top-cited highimpact journds, it was found that the median survival time of eventually retracted articles
was 28 months. In addition, it took much longer to retract artmlgéhored by senior researchers than
junior ones. Senior researchers inclydefessors, lab directors, orsearchers with more than 5 years of
publication records.

Postretraction citationgefer to citations to a retracted articome studies started to count citations
from the next calendar year of the retraction Rfeifer & Snodgrass, 19%0whereas other studies did
not start counting citations until 1 year after the retracfi®undd, Sievert, & Schultz, 1998or 3 years
after (Neale, Northrup, Dailey, Marks, & Abrams, 2Q0Existing studies show thagtostretraction
citatiors do decreasever time, but in some cases posfraction citationgan last as long as 23 years
after the retraction

One waythat may differentiatan intendedraudulent behavior from a good faithistake isto seehow
often the same researcher has been found with the similar proBldraguent offender is more likely to
have done it deliberately. Studies have indeed foumidteer rate of repeat offenders in fraudulent papers
thanin erroneous apers(Steen, 20111

Existing studies of retractioalmost exclusively used PubMed and MEDLINE as their source of data
because of the profound implications of maintaining the integrity of the medical and clinical literature.

Table 2. Major aspects of retraction.
Attributes of Retraction Findings and References
Reasons for retraction Scientific misconduct, irreproducibility, errof8Vager & Williams
2011); Irreproducibility, unusually higtevel of productivity(Budd,
et al., 1998Steen, 2011
Misconduct:
Identified or presumed; fraud, fabrication, falsification, d
plagiarism(Budd, et al., 1998\eale, et al., 207, Steen, 2011
Errors:
Errors in method, data or sample; duplicated lipabon; text
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plagiarism (Budd, et al., 1998

Time toretraction(months) | 28 months(mean)(Budd, et al., 1998 Fraudulent 28.41 mornis
(mean), Erroneous 22.72 months (mearipteen, 201 28 months
(median), Senior researchers implicatéd 79 months, junior
researcher implicated 22 months(Trikalinos, et al., 2008 case
study(Korpela, 201D

Postretraction citationg Next calendar yeaiPfeifer & Snodgrass, 19901 year after
(lag time) retraction(Budd, et al., 1998 3 years afte(Neale, et al., 2007
Deliberate or accidental | A higher rate of repeat offenders found in fraudulent papers
erroneous papelSteen, 20111

Sources of the literature | PubMed/MEDLINE (Budd, et al., 1998Neale, et b, 2007 Steen,
2017

Situation Awareness in a Broader Context

Existing gudies of retraction almost exclusively focused on the literature of medicine, where the stake is
high in terms of the safety of patients. PubMed and the Web of Science are the major resources used in
these studiedAnalysts in these studies typically selaed for retracted articles and analyzed the content of
retraction notices as well as other types of information. Most of these studies appear to rely-on labor
intensive procedures with limited or no suppoftcomputational andrzisual analytictools Seveal
potentially important questions have not been adequately addrespad due to such constraintsor
example, many eventually retracted articles are highly cited in their fields. It is quite possible that
subsequently published articles were unkmmlyi built on false claims made by a retracted artitie.
theory, such potentially contaminated articles should fexaeined to ensurthat they arevalid in light

of the retraction. In practicéowever, it remains to be a challenging task to assess this type of potential
risk timely and systematically. To our knowledge, none of the major scientific content providers such as
PubMed, the Web of Science, and Google Scholar readily supports skelOtasgoal in this article is

to provide a better understanding of how tightly a retracted article is interwoven into the scientific
literature and what additional actions might be necessary to safeguard the integrity of scientific
knowledge.

Tracing the Implicit Impact of Retracted Articles

If an articleunknowingly builds on false claims af retracted articlethe new and unsuspicious article

may compromiseheintegrity of thescientific literatureThis type of implicit dependency on a retracted
article can be highly risky and harmfildetecting and tracing implicitly infected articles are much harder
than identifying officially retracted articles in the literatufmalysts need to assess the potential and
actual damage that may be caused by an dghpliependency Analytic reasoning at this level of
granularity is currently beyond the reach of text mining, natural language processing, and science
mapping techniques. As the first step towards improving the situation, our goal is to provide visual
analttic methods that can assist analysts to identify articles that may implicitly depend on a retracted
article.

Existing dudies of retractiorprimarily focused orarticles that have been officially retracted, but paid

little or no attention taurticles thatited a retracted article, or cited an article that cited acted article.

Over the recent years, tremendous advances have been made in scient(@ogtitis & Klavans, 2010
Leydesdorff, 2001 Shibata, Kajikawa, & Matsushima, 2Q0Wpham, Rosenkopf, & Ungar, 2010
science mappingC. M. Chen, 2006Cobo, LopezHerrera, HerrerdViedma, & Herrera, 2011Small,

1999 van Eck & Waltman, 2010 and visual analyticéPirolli, 2007 Thomas & Cook, 2005 Existing

studies of citations to retracted articles have not yet incorporated these relative new and more powerful
techniques. Vice versa researchers who have access to the new generation of analytic tools have not
applied these tools to the analysis of citation networks involving retracted artlesgoal is to
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demonstrate how visual analytic tools can make suchdingependencies explicit and easy to detect. In
particular, visual analytic tools can be used to retlealextent to whicla single retracted article mée
tightly embedded irthe literatureand visualize the distribution of potentially contaminated articles in a
co-citation network

Supposean article® , retracted or notjs published at tim@® . A citation path betweemd and a
subsequently published artide can be defined in terms @hirwise citationlinks & :& b @ N

E N & , whereN denotes a direct citatipn 0 if i<j, and® has no direct citatiofink to any of

the articles on the path prior é» . The length of a citation plais the number of direct citation links

the path. Existing studies of citations to retracted articles are essentially limaetictesthat are one
step away from a retracted articleonger citation paths originated from a retracted article havéeen
studied.Theretraction ofanarticle is equivalent to the removal of the first article fropogentially still
growing pathof & b & N E N & because newly publisheatticles maysimply follow the article
 at the end of the current patfithout questioning the validity of the potentially risggthas a whole

By k-degree postetraction citation analysis, we introduce a study of such paths form&doaiywise
direct citation links as i b & N EN @ .

An intuitive way torepresenthe distribution of articlesssociated with a retracted article throuwgh
citation chain is to visualize a citation or-cibation network and then highlight articles on the citation
chain. For example, the retracted @dican be depicteth a broader context of how it is -@ited with
other articles in the literature and how its interrelationship with the rest of the literature changes over time.
More specifically, multiple layers of network visualization can be used to achieve this goal. Each layer of
visualization consists of a subset of articles thatkestep away from a retracted article. The diffusion
process can be shown as the implicppeledency envelop expands across the relevant literature.

Analyzing the Evolution of the Citation Context of Retracted Articles

How is a retracted article cited in subsequently published articles? How did citations differ before and
after the retraction? K new article cited a retracted article, did the authors of the new article know about
the retraction? If not, what could be done to improve such situation awareness? If citations to a retracted
article are associated with a diverse range of perspedivésopinionswhat may be done to assist
analysts to analyze and synthesize individual citation instances and form an assessment of the role of the
retracted article?

To answer these questions, it is essential to examine the context of a citation &xtadetrticle and
differentiate importanarguments madi such citation contextsA citation context of a cited article is

often defined as the sentences that explicitly refer to the ardicheore extensive citation context may
include more sentencesirsounding a citing sentence, for examptesentences before amdsentences

after, or even the entire paragrapghretracted article may have been cited by hundreds of subsequently
published articles. It would be unrealistic to expect analysts to examihmake sense of a large volume

of citation instances without any technical support. An even more challenging task for analysts is to
discern emergent patterns from individual citation instances.

Full text articles that cite a retracted article are paldrly valuable in developing an understanding of the
context of citations to the retracted artid\otable resources of full text articles include PubMed Central
(PMC) and arXiv.org.These resources provide a platform for the development of a new timerfa

visual analytic tools that can analyze and synthesize scientific articles at finer granularity than analytic
tools that are limited to the analysis of metadata of scientific articles.

In this article,we demonstrate how citation contexts of retracted articles can provide valuable insights
through a topic flow visualization. The citation context of a retracted article evolves over time. The
content of its citation contextan be characterized in termshafw they change from one year to next. A
topic associated with citations to the retracted article intyeaay evolve in year.; in a number of ways.
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It may grow stronger, become weaker, or remain the same. Such changes may provide insights into the
role of the retracted article in the development of the literature.

In this article we focus onthe issues concerninghe context ofretracted articlesn terms of their
interrelationships with other articles in the literature and major themes found wontent of their

citation contextsIn particular, our goal is tdemonstrate how visual analytic methods and tools can be
developed and applied tbe study of retracted articleEhere are manymportantissuesbut, as the first

step,we choosédo focusonones that are relativefyndamental.

Method

The focus of our study ien retracted articles that are highly cited in the Web of Science. Retracted
articles are potentially harmful to the scientific literature. Highly cited retracted articldd beeven

more harmful, especiallwhenthe bulk of their citationsveregathered befor& becomes evident to the
scientific communitythat a retraction is necessamhe questions are addressed specifically with these
highly cited retracted articles.

Data Collection

We retrieved all the officially retracted articles as followstha Web of Sciencehe title ofa retracted
article includesa suffix of fiRetracted articled As of 3/30/2012, there arg775 records of retracted
articles.Figure6 depicts the distribution of the7l75retracted articlesince 1980The retractions appear
to have peaked in 2007 wittb2 retracted articles recorded in the Web of Scienceeal®n the other
hand, it might bestill too soon to rule out the possibility of maedrospectiveetractions.
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Figure 6. The distribution of 1,775retracted articles in the Web of Science (as of 3¥2012).Have we seen the peak yet?

In order to study the scope of the potential contamination, we constructed a larger set of articles that cited
the 1,775 retracted articles. Note that citing a retracted article does not necessarily mean that the citing
article is contaminated by the flaws of the retracted article. A citing article may well use the retracted
article as an example of scientific miscondécthallenging task for an analyst is to distinguish citations
made by authors who may unknowingly build thebrk on false claims from citations by authors who

are fully aware of the problems that led to the retraction of the article they are citing.

Visual Analysis of Retracted Articles and Their Impacts

We constructed the second data set that contains 3ar8es that cited 1,584 of the 1,775 retracted
articles, including 22,577 original research articles (68.6%), and 7,179 review articles (21.8%), 1,379
corrections (4.2%), and 1,089 editorials (3.3%e generated a eztation network based on 29,756

® The fewer number of records is due to the coverage of our institutional subscription of the Web of Science.
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original research and review articles between 1998 and 2011 and left out corrections and editorials. Top
50% of the most cited references in each year were chosen to add tecita¢ico network with an upper

limit of 3,000 references per year.

The topologcal properties of retracted articles in the visualized network may provide valuable
information about the interdependencies between retracted articles and the rest of the liteoature.
example, if a retracted article is tightly coupled with many refaenit tends to appear at the center of a
group of cited references. In contrast, if a retracted article is loosely connected to other articles, it may
appear in isolation. Generally speaking, it would be much more challenging to eliminate the impact of a
well-connected article than an article in isolation. In this type of visualization, the most damaging
retracted articles tend to be the ones that areagelhected and highly cited. In other words, one should
particularly watch out for those largézedred dots that are surrounded by many other articles.

Given a particular retracted article, its context in the literature can be defined and represented in several
ways. For example, which articles are most often cited together with the eventually retracke® How

are the articles that cited the retracted one distributed in the literature? What have been said about the
retracted article when it was citedhe procedure of generating a network visualization regarding a
specific retracted article is asllbws. Suppose that the retracted artiglés cited byM articles in the

Web of ScienceTheM articlesalso cited a set of many other refereric€& There aréN articles in the

Web of Science that cited at least one member of thR. d&br a chosen retracted artiele we retrieved

the N articles and generated a-citation network derived from thH articles. TheN articles form a
superset of th# articles that cited,. Once the cecitation network is visualized, additional layeanbe

added to the visualizatioro thatarticles that citeda directly and indirectlyare represented in an
extensive citation context.

CiteSpaceis a freely available Java application for visualizing structural and temporal patterns in
scientific literature(C. Chen, 2006Chen, IbekweSanJuan, & Hou, 20)0In this study, ceitation
networks are generated using CiteSpdoeaddition to aggregate citation sentences into clusters at a
higher level of abstraction, we further developed a temporal visualizatipit;flow visualization to

depict yeathy-year flows of topics to assist analytics to discern changes associated with citations to the
retracted article. The topftow visualization was constructed as follows. First, we group the citation
sentences into grospdefined by their publication time. Citation sentences made in each year are
clustered into topics. Similarities between topics in adjacent years are computed in terms of the
overlapping topic terms between them. Topic flows connect topics in adjacesttiieh meet a user
defined similarity threshold.

Results

Time to Retraction

Time to retraction for a retracted article is defined as the length of the duration between the time of its
publication and the time of its retraction. The time of publication is routinely available in a bibliographic
record of an article. The time of rattion can be found in its bibliographic record in the Web of Science.

In the Web of Science, after an article is retracted, its title is updated to indicate the retFamtion.
example, if the titleof a 2010article containa p h (Retsa@ed artid. See vol. 194, pg. 447, 2014),

then we know that the articleas beerretractedand the year of retraction 2011. We loaded the
retrieved 1,775 records of retracted artidlgs a builtin relational database of CiteSpace amtraced

the year of retraction from the tittf each recordThe meanof time toretraction is 57 years or 30
months,based on theecords of1,721 retracted articte excluding 54 recordsith a missingretraction
date.The mediarof time to retraction is ears, i.e. 24 months (s€éable3).

The probability of an eventually retracted article survives retraction at various time points after its
publication is analyzedhia survival analysis. Similarity, how likely is a retracted article continuously
cited after its retraction is also estimated through a survival analysis. The estimated mean of post
retraction citation isbout fouryears and the median is two years. €aimated mean of citations since
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the original publication date mver sixyearsand the median is five yeaBased on the median estimates
it tends to take two years to retract an article and another two years to see a significant decrease of
citationsto the retracted article.

Table 3. Survival analysis of time to retraction postretraction citation, and citation since publication

Survival Event Mean Median
Estimate| Std. Error| Estimate | Std. Error
Time to retraction 2.578 .006 2.000 .052
Postretraction citation 4.090 143 2.000 .146
Citation since publicationy 6.658 153 5.000 .187

Figure7 showsthreesurvival functiors over time The highest solid line is the citation survival function
since publication, which shows how likely an eventually retracted article is cited sipablitsation. The
second solid line depicts the pwostraction citation survival function. In other words, it shows how likely

a retracted article is cited after retractidime dashed line is the survival function of retraction, which
shows the probabily that the article has not been retracted up to that psiarding to these survival
functions, the majority of retractions took place within the first few years of publication because the
dashed line decreases much faster than the other two lineprdebility of surviving retraction more

than 4 years is less than 0.2. P@dtaction citations are likely to continue but at a lower and lower rate.
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Figure 7. Survival function s of citation since publication (the highessolid line), postretraction citations (the second solid
line), and retraction (the dashed line)

How frequently can a retracted article be cit&d@ure 8 plots theaverage citations received by the
retracted articles in the Web of Science. The highest average citation is 113 for retracted articles that were
published in 1998. As we wilkeeshortly, this is in part attributed to a 1998 article, whichttie most

highly cited retracted article eveA total of 36,218 articles in the Web of Science cited members of the

set of 1,775 retracted articles 39,387ies, excludingself-citations On average, eadletracted article is

cited 22.2%imes. The hindex of this setof retracted articless 88, which meanshat 88 of theretracted

articles have been cite@ 8mes or more. These citation statistics indicate that rettactelesmayhave

a considerable degree iofipact on the scientific literature. Retractidgrectly involved articles may not

be effective enough to stop a continuous spread of a potentially harmful impact.
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Figure 8. The distribution of the average citation counts ofl,775retracted articles.

Highly Cited Retracted Articles

Table4 lists thecitation counts of th&0 most highly cited retracted articles in the Web of ScidBaeh

of the ten articles has been cited hundreds of tif#3 articles citedie 1998 ancetpaper by Wakefield

et al, the first article on the list, where@66 articles cited the ftarticle on the listThree papers on the

list were published ilscienceand two inLancet In the rest of the article, we will primarily focus on these
high-profile retracted articlesn terms of their citation contexts at both macroscopic and microscopic

levels.

Table 4. The 10 most highly cited retracted articles.

Citations | Lead Author Publication | Title (Retraction Notice) Journal
0 Retraction

740 Wakefield, AJ | 1998 2010 | lleal-lymphoidnodular hyperplasia, nespecific colitis, and LANCET
pervasive developmental disorder in children (See vol 375
445, 2010)

727 Reyes, M 2001 2009 | Purification and ex vivo expansion of postnatal human mai BLOOD
mesodermal progenitor cells (See vol. 113, pg. 2370, 2009

659 Fukuhara, A 2005 2007 | Visfatin: A protein secreted by visceral fat that mimics | SCIENCE
effects of insulin eevol 318, pg 565, 2007)

618 Nakao, N 2003 2009 | Combination treatment of angiotendlrreceptor blocker an¢ LANCET
angiotensirconvertingenzyme inhibitor in nomliabetic renal
disease (COOPERATE): a randomised controlled trial (
vol. 374, pg. 1226, 21D)

512 Chang, G 20015 2006 | Structure of MsbA from Eoli: A homolog of the multidrug SCIENCE
resistance ATP binding cassette (ABC) transporters (Se
314, pg 1875, 2006)

492 Kugler, A 200® 2003 | Regression of human metastatic renal aglicinoma aftel NATURE
vaccination with tumor celtlendritic cell hybrids (See vol. § MEDICINE
p. 1221, 2003)

433 Rubio, D 2005 2010 | Spontaneous human adult stem cell transformation (Se¢ CANCER
70, pg. 6682, 2010) RESEARCH

391 Gowen, LC 1998 2003 | BRCAL required for transcriptieooupled repair of oxidative SCIENCE
DNA damage (See vol 300, pg 1657, June 13 2003)

375 Hwang, WS 2004 2006 | Evidence of a pluripotent human embryonic stem cell | SCIENCE
derived from a cloned blastocyst (See vol 311, pg 33%)20

366 Makarova, TL | 2001 2006 | Magnetic carbon (See vol 440, pg 707, 2006) NATURE

In order to identifya meaningfulcontext of retracted articlesve constructed networkof co-cited
scientific publications that is broad enough to representritierlying knowledge structuré co-citation
network of scientific publications consists of scientific publications, or cited references, asAades.
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citation link between two noda®presents how often the two nodes are cited together in subsequent
publications. The relevant literature on usingoiation networks to represent the intellectual structure of
an underlying subject domain or a discipline.

Retracted Articles in a CoCitation Network

The overall cacitation network, containing 7,217 citexkferences and 155,391 -citation links, was
visualized as a base map of the context of the 1,584 retracted articles. Next, the 1,584 retracted articles
were projected on top of the base m8pdFigure 9.

Each dot in the visualization represents a reference cited by the 29,756 articles. The dots in red indicate
articles that were retracted eventually. Lines between dots anigation links. The color of a eoitation

link is the earliest time a ecitation between two articles was made. The earliest links are colored in blue;
more recent links in yellow and orange. The size of a dot, or a disc, is proportional to the citation counts
of the corresponding cited article. The top 10 most cited retractecsudict labeled in the visualization.

Figure 9. An overview of cocitation contexts of retracted articles. Each dot is a reference of an article. Red dots indicate
retracted articles. The numbers in front of labels indicate theircitation ranking. Potentially damaging retracted articles
are in the middle of an area that otherwise free from red dots.

Figure 10 shows a more detailed local viest the contextual overview, highlighting several articles
associated with some of the most hjglofile retraction cases in the recent history of science. The article

by Nakao N et al. on the left, for example, was originally published ihaheetin 2003. It reported that
combination therapy of an agiotendinreceptor blocker and angiotensinnvertingenzyme (ACE)
inhibitor in nondiabetic renal disease was superior to an ACE inhibitor alone. The article was retracted in
2009 after the lead author wangaged in serious scientific misconduct. Many patients were adversely
affected by the publication. Its position on a densly connected island of other articles indicates its relevant
to a significant topic. The visualization also shows the positionstaicted articles by Hwang WS,
slightly to the right, and Potti A, at the lower right corner. They have similar citation context profiles.
Interconnected citation contexts of multiple retracted articles are also areas where analysts should pay
attention.
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Figure 10. Red dots are retracted articles. Labeled ones are highly cited. Clusters are formed by-cation strengths.

Figurell shows an eensive representation of the citation context of the retracted 2003 article by Nakao

et al. First, 609 articles that cited the Nakao paper were identified in the Web of Science. Next, 9,656
articles were retrieved because they have at least one comnepancefs with the 609 direct citing
articles. Top 6,000 most cited references per year between 2003 dddvzfie chosen to form a -co

citation network of 27,905 references and 2,162,01&tation links.The retracted Nakagaper is shown

as the black dot in the middle of the ma@pe red dots are 340 direct citers of the total of 609 available in

the Web of Science. The cyan dots share common references with the direct citers, not necessarily the
retracted article. The lalseare the most cited articles in this topic area, which are not retracted articles

themselves.

Figure 11 An extensive citation context of a retracted 2003 article by Nakao et al. The-citation network contains 27,905
cited articles between 2003 and 2011. The black dot in the middle of the dense network represents the Nakao paper. Red
dots represent 340 articles that directly cited the Nakao paper (there are 609 such articles in the Web of Science). Cyan
dots represent 2,130 ofhe 9,656 articles that bibliographically coupled with the direct citers.
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Visualizing the extensive citation context of a retracted article is potentially valuable for analysts and
scientists to estimate mor e anfluenge oa theeskigntifit likesturs.c o p e
This type of visual analytic tools can be used to facilitate otherwise complex and intangible situation
awareness tasks involving the retraction of a single article.

Broader Context of High-Profile Retracted Article s

The potential damagef a retracted articldepends omow tightly it is interwovenwith the rest of the
literature. If the retracted article is part affastgrowing area of research would bemore damaging

than a retracted articl'om a slowmoving area. In the following example, we analyze the temporal
properties associated with the top 10 retracted artiol@sder to identify the growth of corresponding
research areas of these retracted articles.

We retrieved 29,756 bibliographic records of thpes of Article and Review only from the Web of
Science. These articles shared at least one reference in common with the top 10 retracted articles.
Citations made by the 29,756 articles therefore provide an adequate representation of the research areas
where these retracted articles belong to. CiteSpace was used to generate a syntheidioh cetwork

based on individual eoitation networks formed from 1990 to 2011 using the top 30 most cited references
each year. Although more references can bapsad per year for the analysis, our focus is on the
temporal patterns that might be related to the major research areas where retracted articles are found.
Figure12 shows a timeline visualization of the 37 clusters ctited references. Each cluster represents

a research specialtZircles with blue labels are 5 retracted articles from the top 1CClisttion bursts

are abrupt increases citations. A citation brst indicates a possible hot research area. Citation bursts are
shown as red rings in the timeline visualizatibor example, Cluster #1 visfatin has a few big circles

with red rings of citation burstdn particular, it contains a retracted 2005 artiole Fukuhara et al
Similarly, Cluster #12 contains a series of articles with citation bursts and a retracted article by Nakao et
al. Cluster #18, labeled as mesenchymal stem cedlalsdring of articles with citation burstiscluding a
retracted 2001récle by Reyes et alThe considerable amount of clusters with significant citation bursts
suggest that many of these retracted articles are from active and significant research areas. Therefore,
purging the negative impact of these hjglofile retractedarticles is far more challenging than retracting

these articles alone becausanay become necessary te-examire the entire research area and re
establish the credibility of research involving many other innocent reseaitchieesworstcase scenario.
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Figure 12 Research areas where the top 10 retracted areas belong to. Red rings indicate citation bursts, indicating
vibrant research areas Blue labels indicate retracted articles.
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Figure13 shows clusters with 5 or more-cded references along with three sets of labels chosen from
titles of citing articles that formed these clusters. The higher the silhouette value a @astisemore

homogenous the cluster is. The mean year of publication is the average year in which member articles

were published.

Cluster..| Size | Silhouelte| mean...
o 43 o0.188
22| 31| 0912
20 29 1|
8 25 1
13 22 1|
6 17| 1]
32 15 0989
16 12 0957
7| 9| 1
18 9 0.872
1| 8l 1|
12| 8| 1|
23 8 0.985
21 7| 0957
26| 7| 1
33 7| 0793
5 6 1
2| 5| 1|
25| 5| 1|
27 5| 1|
28 5 0.894
31| 5] 1]

Top Terms (if*idf weighting)
1998/(14.91) antibody, (14.91) vaccine; (14.16) ¢
1982/(21.13) acetylcholine-receptor; (20.84) thy
1997/(22.46) dna damage response; (21) mam
1992|(18.42) asn; (18.19) potassium channel; (1
1991)(20.14) endothelin receptor. (19.48) endoth
1994/(18.14) peripheral blood, (17.4) peripheral
1990/(11) kinin-forming cascade: (11) aggregate

| 2002|(12.03) dna methyltransferase; (11.77) mic

2009((18.86) contamination; (18.04) xmrv; (15.67

] 2000/(14.44) stromal cell; (13.56) mesenchymal

2004/(28.15) visfatin; (18.86) adipokine; (18.65) i
2001/(18.52) angiotensin; (17.25) renin-angioten
1987|(9.68) vascular interaction; (9.68) mammali

| 1987|(10.15) neuroadaptation; (10.15) desensit

1998/(18.24) dendiitic cell; (14.43) vaccination; (

: 1990/(12.58) tnf, (10.86) tumor-necrosis-factor; (

1995|(14.25) repair; (13.81) nucleotide excision r
2000/(13.58) p-glycoprotein; (11.46) glycoprotein
2005/(16.07) classification; (16.06) lung: (15.47)
2003/(16.44) restriction factor; (15.54) restriction
1999/(15.75) superconductivity, (15.67) mgb; (14
1989](7.81) hematopoietic cytokine: (7.81) lymph

Top Terms (log-likelihood ratio, p-level)
\induction (49.28, 1.0E-4); evolution (47.87
{thymopoietin (165.13, 1.0E-4). thymopentin
{brca1 (230.81, 1.0E-4). dna damage respo
\channel (181.16, 1.0E-4); asn (164.47, 1.0E
{endothelin (106.69, 1.0E-4). endothelin rec
|expansion (142.97, 1.0E-4); peripheral bloo
|aggregated beta amyloid protein (41.42. 1.0
|microrna (36.27, 1.0E-4); small non-coding
xmrv (179.92, 1.0E-4); chronic fatigue syndr
mesenchymal stem cell (78.01, 1.0E-4). bo
|Visfatin (521.12, 1.0E-4). insulin resistance
\renin-angiotensin-aldosterone system (99
[vascular interaction (34.49, 1.0E-4). mamm
\neuroadaptation (35.14, 1.0E-4); desensitiz
|dendritic cell (98.84, 1.0E-4); cancer (59.68
\tnf (50.52, 1.0E-4); tnf-alpha (20.12, 1.0E-4)
\nucleotide excision repair (72.96, 1.0E-4); ¢
\p-glycoprotein atpase (19.96, 1.0E-4). struct
{lung cancer (110.57, 1.0E-4); non-small cell
{hiv-1 replication (60.38, 1.0E-4); apobec3 ¢y
|superconductivity (155.64, 1.0E-4). superco
\lymphotoxin (23.05, 1.0E-4); human fibrobla

Terms (mutual information)

|adult blood vessel formation
|synthesis
laccumulation

membrane protein

[sait-treated rat
\transduction
lepilepsy

|paradox

xpr1 receptor
ichondrogenic effect

cause

|oxidative stres

|human bone-marrow-derived mesenchyma
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lautologous tlymphocyte
[tumor necrosis factor-alpha
|oxidative stres

[relevance

|adenocarcinoma
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|\molecular design
{tumor-necrosis-factor-alpha

Figure 13 Clusters with 5 or more cecited references.

The Wakefield Article

We inspected the citations to the Wakefield article in order to have a better understanding of how a
retracted article may affect the scientific literature. Thacetpartially retracted th&998article in 2004

L a etraction HBosice in February 2010 noted that several elements of
the 1998 paper are incorrect, contrary to the findings of an earlier investigation, and that the paper made
Afapproval o
The Wakefield articlevas cited by 740 publications at the time of writing, including some-iniglact
citers. The two of the most prominent citerbave384 and 360 citations, respectivelyhe third high
impact citer is a 1999 artici@aylor et &, 1999, which has 296 citationsThe 740 direct citersiere
cited by6,600 articles in the Web of Science, which in turn cited 12,612 referehaimtion burst of

and retracted fully in 2010 h e
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0.05 was detected for the Wakefield article, indicating that the article had diamsiderable amount of
attention during a short period of time. Its citation counts peaked in 2002.

Figure 14. The citation history of the Wakefield paper. Its citations peaked in 2002. It was partially retracted in 2004 and

fully retracted in 2010.
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