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Redesign fall

We lost our statements
highlighting retractions when
we moved to a new design

and platform in January 2016.

We thought we had fixed all
of the past cases. Clearly we
haven’t

Still appears on the PDF
version but does not appear
on the HTML version
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bele, Vang ie necrmited b the bowndiry be-
tween wild-type and mutant cells, whereas
subatantially less Vang is recruited to those
houndaries in cells adjoiming clones of the
nonamtonomons 57 allele (Fig 4C, amow-
heads). Thers, Fr=se==== pmirin oot Vang
to the opposing ccll aerface, whercas nos-
autommous alleles do not. The second pre
diction is that sutonomous Fe proteins should
il to recruit Dsh. ndeed, we find that both
ar: substantially impaircd in Dsh recnaitment,
Ubnagh somewil less impasred than the very
stromg, Tamamonomimes. 507 allele (Fig, 410)
Thus, strong & allebes, many of which Eal o
acoumulaie Fr proteim (27), display no or s
wiraly smponad inleraction walh Dish amd Vang,
whereas autonomous alleles have impained
interaction with Dish, but retain substantial
ahility to recrnit Vang to the adjacent mem-
brame. Motably, simulstcd overexpreasion of
Fz with impaired Dsh inlemction also pro
dwced the comect polarity disrption in cells
proximal i the clones | fig. % (7).

The Dsh' protein produces nearly aston-
omous clones, amd 1l Ganes 4 mulsiwon m s
DEP domain, which & required for mem-
brame lecalcotion (16, [¥), aulooemous =
alleles hear point mantations. in the firs cyso-
plasmec loop (27), swppeshing lhese mula-
tions may affect the same interaction. A Tow
affimity imlcraction betwoen the Deh PDE
domain and a sequence in the cytoplasmic
tail of Fz has boon demonstrated (3/). Our
data suggest thal sequemces in the Dsh DEP
domgin, snd in the Fz first intracellular bbop,
are also important for Deh membrane asso-
ciation. Thas, a repulated, bipartite, high
alfimily associabion of Dsh with Fe may be
sedectively disrupted in feoseeomes glja]ag

The ability of owr mathematscal model o
simulianeously reproduce all of the most
characteristic PCP phenatypes (table 52) dem-
orstrtes, the feasibility of the wnderying bi-
olopical mode a8 a FCP sipnaling mochanism.
Farther, the mat scal model o
haw the: vvernll scheme of the model—a bocal
Feadback Ioop hetween adjacent cells amplify.
ing an initial asymmetry—can explain the

aarl hebavior of

News Journals Topics Careers

plix behaveors il was hypoliesioed & explain
and o explore the implications of variations
in the: medel.
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Lessons we learned in 2006 from Hwang

= Supporting online data needs thorough scrutiny.
Can be the “smoking gun” that points to
suspicious data.

= Are there “risk factors” that can help identify
papers that should receive an even higher level
of scrutiny?

= Multi-disciplinary

= Result that was “hoped for” or too good to be believed
= Multiple labs and multiple countries

» Fast turn around on additional experiments/data
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Changes to Policies

* E-malil message to every co-author upon submission of
paper

* New author forms signed prior to acceptance by all
authors

= Senior author takes responsibility for data sets
= All revised manuscripts screened for image manipulation.

= Statement in Information for Authors about figure
processing

Science | Maas




Speed, Transparency, & Due Process?

= QOur approach to Retractions has changed over time

= Pressure form social media and mainstream press

= More experience on our part

= Motivated to uphold our standards and to provide transparency
= Editorial Expression of Concern used to alert the reader

and research community while allowing time for the
process to proceed.

= Prefer author retraction or institutional retraction. We will
editorially retracted when deemed necessary.

Science | Alaass




Science’s experience with Retractions

= Six Editorial Retractions across 3
Editor-in-Chiefs

= 2015 Expression of Concern is -
related to a paper still being
iInvestigated by Imperial College ---

after Pubpeer published a
thorough critique- we originally AL LS
published a correction. 1990-1999 0 10

= ~24 retractions involved an
Institutional investigation -- US,
Spain, Korea, Singapore, UK
Institutions

Science | Maas




Quick to
retract

Bruce Alberts tried to push for
more once the investigation
was complete. Civil service
laws in Spain did not support a
finding of misconduct

Science | Maas

Reactome Array: Forging a LInK Between
Metabolome and Genome

Ana Beloquil®, Maria-Eugenia Guazzaronil~, Florencio Pazos?, José M. Vieites!, Marta Godoy?, Olga V.
Golyshina®, Tatyana N. Chernikova®, Agnes Waliczek®, Rafael Silva-Rocha?, Yamal Al-ramahil, Violetta |
Cono®, Carmen Mendez®, José A. Salas®, Roberto Solano?, Michail M. Yakimov*, Kenneth N. Timmis>",
Peter N. Golyshin>"%* Manuel Ferrer!-+

+ Awuthor Affiliations
+¥To whom correspondence should be addressed. E-mail: mferrer@icp_csic.es (M.F.); p.golyshin@bangor.ac.uk (PN.G.)

Science 09 Oct 2009:
Vol. 326, Issue 5950, pp. 252-257
DOI: 10.1126/science. 1174094

Article Figures & Data Info & Metrics elLetters PDF

You are currently viewing the abstract. View Full Text >

This article has been retracted. Please see:
Is retracted by - November 12, 2010
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Vol. 319 no. 5868 p. 1335

DOI: 10.1126/science.1157223

Editorial Expression of Concern
In the 1 July 2005 issue, Science published the Report “A magnetic
nanoprobe technology for detecting molecular interactions in live
cells” by J. Won et al. (1). Professor Gyun Min Lee, Chair, The
Internal Investigation Committee, Department of Biological Science,
Korea Advanced Institute of Science and Technology (KAIST),
notified Science on 28 February 2008 that this article, published by
Professor Tae-Kook Kim and his co-workers, is being investigated
along with a paper published in Nature Chemical Biology (2). The
correspondence from Professor Lee states that, although the formal
Investigation has not yet been completed, “our initial investigative
results are strong enough to convince us that the two papers do not
contain any scientific truth.”
Science is publishing this Editorial Expression of Concern to alert
our readers to the fact that serious questions have been raised
about the validity of the findings in the Won et al. paper. We are
working with the authors and KAIST to determine appropriate next
steps.
Don Kennedy and Bruce Alberts
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Retraction

Bruce Alberts

Scrence 24 Apr 2009:
Vol 324, |zssue 5926, pp. 463
DOl: 101126/ cience. 324 5920.463-a

Article Info & Metrics eletters

Science has received the results of the Kaist Research Integrity Committee Investigation of the
Report published in Science by J. Won et al. (1). According to an English translation
commissioned by Science, the committee found that the original data underlying the
experiments reported in Science are not available and that many of the results in the paper
were fabricated. Therefore, the data, results, and conclusions in the Won et al. Report are
clearly not reliable, and Science is hereby retracting the paper.

Reference

1.« J Wonetal. Science 309, 121 (2005). Abstract/FREE Full Text
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Editorial retraction

Marcia McNutt

+ Author Affiliations

Scrence 20 Feb 2015:
Vol 347 |ssue 6224, pp. 834
DOI: 101126/ cience 3476224 834-a

Article Info & Metrics eletters PDF

On 27 June 2014, Science published an Editorial Expression of Concern about the Report
“Unclicking the click: Mechanically facilitated 1,3-dipolar cycloreversions™ by J. N. Brantley et
al. (1). After concerns were raised in an e-mail to the editors from a reader, the corresponding
author supervised a comprehensive evaluation of all data presented in the original manuscript
by tracing all figures back to their raw data files. In over 50% of the figure parts, the authors
deemed the data unreliable due to uncertainty regarding the origin of data or the manner in
which the data were processed. The University of Texas at Austin conducted a confidential
investigation and shared the conclusion that scientific misconduct had occurred, but provided
no further detail of the nature of the misconduct. After the conclusion of the investigation,
authors Bielawski and Brantley volunteered to withdraw the paper; it has not been possible to
contact author Wiggins. Science is therefore retracting the paper.
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Report
RNA-Mediated Metal-Metal Bond Formation in the
Synthesis of Hexagonal Palladium Nanoparticles

Lina A. Gugliotti, Daniel L. Feldheim*, Bruce E. Eaton*

To whom correspondence should be addressed.
E-mail: bruce _eaton@ncsu.edu (B.E.E.),
dan_feldheim@ncsu.edu (D.L.F.)

Science 07 May 2004
Vol. 304, Issue 5672, pp. 850-852
DOI: 10.1126/science.1095678
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Submit a Response to This Article

Response to E-Letter Concerning Study by Gugliotti et al.
Lina A. Gugliotti

Other Contributors:
Daniel L. Feldheim, Bruce E. Eaton

26 September 2008

The E-Letter by Leonard et al. (1) presents an incomplete view of the chemistry of Pd>(DBA); and
the role of RNA in nanocrystals grown from agueous solutions of Pd>(DBA)s. Citing a materials
safety data sheet (MSDS), the authors purport that Pd>(DBA); is "completely insoluble” in water
(...

Show More

Conflict of Interest:

None declared.

E-Letter Concerning Study by Gugliotti et al.
Donovan N. Leonard

Other Contributors:
Gerd Duscher, Stefan Franzen

26 September 2008

The article entitled "RNA-Mediated Metal-metal Bond Formation in the Synthesis of Palladium
Manoparticles” reports the formation of crystalline Pd hexagonal particles mediated by pyridine-
modified RNA cognates in an aqueous solution using Pds(DBA); as the precursor (1). The role of
RNA in this process is unclear since Pdz(DBA)5 is completely in. .
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Thank you Tor your valuable assistance In
providing information relevant to the research
misconduct allegation involving a publication in
Science. NSF has taken final action in this matter,
and we have closed the case.

You may obtain a copy of the publicly-
available closeout memorandum for this matter by
submitting a Freedom of Information Act (FOIA)
request. You can find guidance on FOIA procedures
at . Please do not include any
personal identifiers such as names of individuals or
NSF award numbers.

| can be contacted at 703-292-4569 or at

Sincerely,

Kenneth L. Busch, Ph.D.

Science | Avaaas Senior Investigative Scientist


http://www.nsf.gov/oig/foia.jsp
mailto:kbusch@nsf.gov
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Editorial expression of concern

Marcia McNutt, Editor-in-Chief

Science 22 Jan 2016:
Yol 351, Issue 6271, pp. 348
DOl 10.1126/science.351.6271.348-a

Article Info & Metrics elLetters PDF

On 7 May 2004, Science published the Report “RNA-Mediated Metal-Metal Bond Formation in the
Synthesis of Hexagonal Palladium Nanoparticles™ by Lina A. Gugliotti, Daniel L. Feldheim, and
Bruce E. Eaton (1). An investigation by the U.S. National Science Foundation's (NSF's) Office of
Inspector General determined that the authors falsified research data published in the paper.
Although the NSF did not find that the authors' actions constituted misconduct, it nonetheless
concluded that they “were a significant departure from research practices” (2). Science is working
with the authors to understand their response to the NSF final ruling. Depending on the outcome of
this discussion, Science will issue either a Retraction or a (further) correction to the paper, as
allowed under the NSF ruling. In the meantime, this Editorial Expression of Concern serves to alert
readers to the conclusions of the investigation.

References

2+ NSF Office of Inspector General, Closeout Memorandum (www.nsf gov/oig/case-closeout
IA0B110054._pdf).
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Marcia McNutt, Editor-in-Chief

o AltMetrics

o

. Picked up by 3 news outlets

Tweeted by 4
See more details
Article usage
Full PDF
Jan 2016 12719 1362
Feb 2016 613 382
Mar 2016 124 40
Apr 2016 78 39
May 2016 38 17
Jun 2016 56 13
SCIGDCG RAVAAAS Jul 2016 23 5
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Editorial retraction

Marcia McNutt, Editor-in-Chief

Science 05 Feb 2016:
Vol 351, Issue 6273, pp. 56
DOl 10.1126/science.351.6273.569-a

Article Info & Metrics eletters PDF

On 7 May 2004, Science published the Report “RNA-mediated metal-metal bond formation in the
synthesis of hexagonal palladium nanoparticles” by Lina A. Gugliotti, Daniel L. Feldheim, and
Bruce E. Eaton (1). After an investigation by the U.5. National Science Foundation's (NSF's) Office
of Inspector General, NSF did not find that the authors' actions constituted misconduct. NSF
nonetheless concluded that they “were a significant departure from research practices” and “a
misrepresentation of data on which a conclusion was based” (2). In response to the NSF ruling,
author Feldheim sent wording for a correction to Science. However, the Editors do not think a
correction is appropriate given the concerns raised by the Inspector General's report about what
evidence was available to support the authors' assertions at the time the paper was published.
Hence, Science Is i1ssuing this Retraction instead. Author Gugliotti could not be reached for her
concurrence in this matter. Authors Feldheim and Eaton do not agree to this Retraction.

References

2.« NSF Office of Inspector General, Closeout Memorandum (www.nsf.gov/oig/case-closeout

Science

Yol 351, Issue 6273
05 February 2016
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. Picked up by 14 news outlets

Blogged by 1
Tweeted by 4
See more details
Article usage
Full PDF
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1. Findings of misconduct will always be difficult udgement calls when the
case actually reduces to whether the researchers involved followed what
the community would consider to be "accepted standards of practice"
(as opposed to outright falsification of findings).

2. In this particular instance, some university officials and some agency
officials (e.g., NSF IG's office) felt that the alleged negligence in the
supervision of the work of the graduate student rose to the level of
research misconduct.

3. The NSF Director's office ruled ultimately that while the work was sloppy,
the behavior did not rise to the level of misconduct.

4. Science's decision to retract the paper was not based on issues
surrounding the guilt or innocence of the senior Pls with respect to
misconduct, but rather was in our opinion the best approach to ensure
that the scientific record accurately reflected the state of the science. The
authors' work published in Science was irreproducible, and even with the
e-letter exchange, was still not reproducible. The Pls later published a
paper in another journal using a different method that is reproducible. The
view of the editors of Science was that the later paper should take

. precedent for the finding and be the cited article, not the flawed Science

Science | mesuit




What might have been different

* Franzen believed that something was wrong with the
results but his initial explanation was not completely right.

» The rejection by peer reviewers of the Technical
Comment and Response colored our perceptions. E-letter
and E-responses seemed like a good compromise at the
time.

= Eaton’s belief in the potential of the result may have
prevented him from correcting the record and moving
on.

= Became personal - semantics at play.

Science | Maas




What If...

= We had published a formal correction instead of the E-
letter exchange. Most likely would do that today.

= \WWe had received the first NC-State letter instead of the
milder version.

= Had heard more from the institutions along the way.
Often heard from Franzen or the press first.

Science | Maas
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Bl | wawwnytimes.com,/2015/05/26/science/maligned-study- on-gay-marriage-is-shaking-trust.html!7_r=0

= g q SCIENCE = Doubts About Study of Gay Canvassers Rattle the Field

i
L]

s i i
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“It’s a very delicate situation when a senior scholar makes a move to
look at a junior scholar’s data set,” Dr. Green said. “This is his career,
and if | reach in and grab it, it may seem like I’m boxing him out.”

But Dr. Ivan Oransky, A co-founder of “Retraction Watch,” which

of the allegations and Dr. Green'’s retraction request,
said, “At the end of the day he decided to trust LaCour, which was, in
his own words, a mistake.”

Critics said the intense competition by graduate students to be
published in prestigious journals, weak oversight by academic advisers
and the rush by journals to publish studies that will attract attention too
often led to sloppy and even unethical research methods.

Science | Alaass


http://retractionwatch.com/2015/05/20/author-retracts-study-of-changing-minds-on-same-sex-marriage-after-colleague-admits-data-were-faked/

Our policy should have helped Green

The senior author from each lab or group must answer this question:

| have personally checked all the original data that was generated by my lab or

group:
Yes Not applicable; | am not the senior author or lab head.

If yes, these data are presented in these figures and tables (including the

Supporting Online Material):

Science | Alaass
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LETTERS

Editorial expression of concern

Marcia McNutt

+ Author Affiliations

Science 05 Jun 2015:
Vol 348, [ssue 6239, pp. 1100
DOl 1011 26/5cience.aacG184

Article Info & Metrics elLetters PDF

In the 12 December 2014 issue, Science published the Report “When contact changes minds: An
experiment on transmission of support for gay equality” by Michael J. LaCour and Donald P. Green
(1). On 19 May 2015, author Green requested that Science retract the paper because of the
unavailability of raw data and other irregularities that have emerged in the published paper.
Science is urgently working toward the appropriate resolution, while ensuring that a fair process is
followed. In the meantime, Science is publishing this Editorial Expression of Concern to alert our
readers to the fact that serious questions have been raised about the validity of findings in the
LaCour and Green paper.

Reference
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Editor's note

Marcia McNutt

+ Author Affiliations

Science 05 Jun 2015:
Vol 348, [ssue 6239, pp. 1100
DOl 10.1126/science. 348.6239.1100-a

Article Info & Metrics elLetters PDF

This article has been retracted. Please see:
Related - June 05_2015

On 20 May, in response to questions about the validity of the methods and data in the 2014 Report
by M. J. LaCour and D. P. Green, Science published online an Editorial Expression of Concern on
the Report. On 28 May, Science released online an Editorial Retraction of the paper. Articles first
published online are typically published in print a few weeks after online posting. Because of the
rapid chain of events in this case, both the Editorial Retraction and the Editorial Expression of
Concern are printed here. The Editorial Retraction is Science’s final decision on this paper and
supersedes the earlier Editorial Expression of Concem.
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o Science, with the concurrence of author Donald P. Green, is retracting the 12 December 2014
Report “When contact changes minds: An experiment on transmission of support for gay equality”
by LaCour and Green (1).

o The reasons for retracting the paper are as follows: (i) Survey incentives were misrepresented. To

@ encourage participation in the survey, respondents were claimed to have been given cash
payments to enroll, to refer family and friends, and to complete multiple surveys. In
correspondence received from Michael J. LaCour's attorney, he confirmed that no such payments
were made. (ii) The statement on sponsorship was false. In the Report, LaCour acknowledged
funding from the Williams Institute, the Ford Foundation, and the Evelyn and Walter Haas Jr. Fund.
Per correspondence from LaCour's attorney, this statement was not true.

In addition to these known problems, independent researchers have noted certain statistical
irregularities in the responses (2). LaCour has not produced the original survey data from which
someone else could independently confirm the validity of the reported findings. Michael J. LaCour
does not agree to this Retraction.

References

2.+ D. Broockman, J. Kalla, P. Aronow, Irregularities in LaCour (2014) (2015); hitp://stanford edu/~dbroock
SCien(:e RYAAAS {broockman_kalla_aronow _|g_irregularities._pdf.



SCiCIlCC Home News Journals Topics Careers

. Picked up by 24 news outlets
Blogged by 15
Tweeted by 254
. On 6 Facebook pages
var

Referenced in 2 Wikipedia pages
Mentioned in 1 Google+ posts

. b readers on Mendeley

See more details

Article usage

Full PDF
May 2015 23530 570
Jun 2015 20803 1513
Jul 2015 1898 83
Aug 2015 1229 84
Sep 2015 672 67
Oct 2015 338 41
Nov 2015 344 65
Dec 2015 580 40
Jan 2016 427 38
Science | Aaaas Feb 2016 227 23



T TLEL)

EDITORIAL

Due process in the Twitter age

oidl recemtly, the only insight that the msearch

community had into publishes] papers that

might be suspect, amd thos candidates for re-

traction, was throegh the formal investisations

by institntions or fonders and the officlal an-

nouncements made by joarmals. Tisday, online

communitkes such as Fobl'eer and Retraction
Watch could be the frst o raise an alert that a pager
may require additional serotiny. The iovolvement of
such online entities has made the sandaniiation of
proceses o address: allegations more complex and has
Je=xl bt bess patience fran
the sclentific community
and the public with what
are ofien long timelines in
inwestigations. Hditors are
campht in the maddle They
want to cormect the Kitera-
ture as guickly as possible
tio avokl miskeading resders
with flawed information,
bt theiry alsn wWamt. to emsars
that austhors have receiwed
e PTOOEES, $VEN A5 MIMOTs
of scientific  misondect
may be amplified throngh
social melia Last month, a
Jourmals Summit convened
by the LS MNatiomal M-
emy of Schences tackled this
topdc in the larger context of

cern” can suitably abert the community that the resolts
maxy be sospect, without the journal @king irmevers-
e action. Although the summit attendess agreed that
only institutions hal the pecesary access o oomduct
Ivestigations, those institotions would benefit from
the involvement and oversight of an egperienced, inde-
pendent party with no conflict of interest in the matier
1o spesd ap the poocess amd encure 3 quality ouoboome.
Many participants felt that the stigma of having & re-
traction is so great that it might discourage aothors
from removing papers that are flawed becanse of homest
ermurs. Finding some other
terminolofgy for sech site-
ations would help dean up
the Hteratore and rewand
puond behavior
Shoukd there be a statute
of limitation on retractions?
Two panclists had experi-
e a5 editoms with e
imissts o retract papers that
were published more than
S0 years ago. This clearly
raises the goestion of doe
process. None of the anthors
were alive 1o respom] o the
charges of missondoet. Onlky
inoosmplete: recomls survived
refarding  how  declshons
about those papers  wers
made. The requesis were
decfined.  Although  panel-
ists did not oeme wp with &

‘f-mﬁlﬂ.- = = ic fooew] amoumt of me beyoml

which a paper would be too

requirements  for amthor  mtisconduct may be amplified o w rewact, wosiderstion

iquality of a research paper

and can take preempive action b retract papers if the
amthors falsify those certifications, even befon: miscon-
et investipations have concdloded. One ecample poo-
vided was a paper retracted based on lack of svailability
of the data, falsification of funding soerces, amd mis-
representatbon of approval by an institutional review
Taxerd. In sitmations where a journal lacks apthority o
act, but preliminary evidence sugests thet a paper will
meed o be retracted, an “editorial expression of oon-

through social media.”

of & papers current indhs-
enoe amml whiether evidenos
exists o provide dse process
shomle] wesipgh into the course of action in soch cases,
Editors are often canght in the crossfire between im-
patient rescders who may reach conclusions abowt the
valkdity of miscondoet allegations on the basis of in-
complete information online, and austhors who ane con-
cerned about damage to their reputation. In the final
analysi, the editor's paramount coocern should be for
the integrity of the sclentifle record.
Marcia MefNott
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Finding smooth sailing

= “Today, online communities such as PubPeer and
Retraction Watch could be the first to raise an alert that a
paper may require additional scrutiny. The involvement of
such online entities has made the standardization of
processes to address allegations more complex and has
led to less patience from the scientific community and the
public with what are often long timelines in institutional
misconduct investigations. Editors are caught in the
middle: They want to correct the literature as quickly as
possible to avoid misleading readers with flawed
Information, but they also want to ensure that authors
have received due process, even as rumors of scientific
misconduct may be amplified through social media.”
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“An editor's paramount concern should be
for the integrity of the scientific record.”

= “Journals have their own requirements for author certification of the
openness, transparency, and quality of a research paper and can
take preemptive action to retract papers if the authors falsify those
Certlfllcgtl%ns, even before misconduct investigations have
concluded.”

= “Although the summit attendees agreed that only institutions had the
necessary access to conduct investigations, those institutions would
benefit from the involvement and oversight of an experienced,
Independent party with no conflict of interest in the matter to speed
up the process and ensure a quality outcome. Many participants felt
that the stigma of having a retraction is so great that it might
discourage authors from removing papers that are flawed because
of honest errors. Finding some other termmoloc?y for such situations
would help clean up the literature and reward good behavior.”

= Statue of Limitations?
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My observations

= An investigation does not guarantee a clear, black &
white answer at the end.

= Smart, dedicated, concerned individuals can reach
different conclusions whether behaviors cross the line from
sloppy/poor oversight to deliberate misconduct. How
iImportant is the word “deliberate” in this context?

= Behaviors occur along a continuum but our “labels” are
more like endpoints.

= We need to work within an established legal framework
that at times seems too lack nuance, flexibility.
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Where do we start?

Develop better communication mechanisms throughout the
process — set frequency of updates. Transparency about the
_roc?ss: We are here now, next steps will be, and approximate
ime line.

Need more guidance on when to alert an institution.

Alternative ways to _investi?ate that mitigate the institution’s
iInherent conflict of interest.

Come to a resolution about the purpose of the retraction
statements and craft them to meet that purpose. Focus on
fact-based statements about what can be trusted and built
upon.

Find another mechanism for community awareness of
acceptable practice.
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Big picture issues that worry me

» The incentives are working against our desired outcome
at almost every point in the system.

= The potential gain from cutting corners can be hard to
resist, particularly in the absence of lab practices that
support the “rules.”

= Research moves quickly, technology and methods are
complex, projects involve multiple labs, and can be
International. Collaborators may be unaware of each
others lab cultures or country standards/legal frameworks.
What is “trust” built upon?

Science | Maas
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