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Scientific progress depends on the integrity of scientific 
literature. Journal editors have a responsibility to protect 
scientific literature by applying standards of data integrity 
for all the papers they publish. This is best achieved by: 1) 
setting readily available, clear, practical, and enforceable 
guidelines for authors, reviewers, and editors; 2) 
establishing quality controls to monitor compliance with 
those guidelines, and 3) taking remedial action when the 
data fail to meet the standard.

Background
Researchers have access to increasingly more sophisticated 
equipment, and broader and easier access to computers 
and software for creating the images used in scientific 
publications. Incentives to maximize publication output 
are intense, with fierce competition for appointments, 
fellowships and grants. Sometimes researchers do not take 
the time to find out policies of the journals for production 
of figures; sometimes they cut corners or “polish” their data 
to make it look cleaner; sometimes they just make stuff up.

Reviewers are overwhelmed with requests from 
increasingly more online, open access and web-based 
journals. They often feel they do not have the time or do not 
see the need to read a journal’s reviewer guidelines. Even if 
they are up-to-date with scientific technology, they might 
not be familiar with newer image processing software. They 
might simply be too trusting, or biased, or they might pay 
more attention to the names and affiliations of the authors 
than to the scientific content of the manuscript.

Journal editors face a constantly changing landscape 
from open access journals, web-based publishing, new 
technologies, and pressure to maintain impact factors. 
However, although they bear the ultimate responsibility 
for the content and quality of the papers in their journals, 
editors do not have direct access to the raw data, since it is 
the authors who produce the content.

Outline of the problem
According to John Ioannidis, more than 50% of the research 
findings have proven to be false.1 Although Ioannidis was 
mainly referring to problems with study design, statistics 
and bias, erroneous conclusions can also be inadvertently 
caused through incompetence, and intentionally, through 
deliberate falsification or fabrication of data.

The assumption that 50% of the results from academic 
labs identifying drug targets could not be reproduced was 
found by researchers from Bayer to be an underestimate. 
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When they repeated experiments in 67 projects, they could 
only confirm the findings in 14 of them.2,3 

It is very easy to find published images that are of 
insufficient resolution; images where the contrast is changed 
to highlight some parts of an image, but to hide blemishes; 
images that are cropped to only show a single band; and 
figures that are composed of parts of different images 
that have been cut and pasted together. For examples of 
illegitimate image manipulation, see Rossner and Yamada.4

From the examples above, it is clear that many errors 
enter the scientific literature, and once published, correcting 
them can be a slow and difficult process. 

Editors can help protect the integrity of the scientific 
literature using a combined approach of prevention (setting 
clear standards and guidelines), enforcement (monitoring 
compliance, demanding corrections), and action by 
responding rigorously when concerns are raised, publishing 
corrections, and retracting papers.

Prevention: setting standards & providing 
guidelines
Although the standards for presentation of images and 
figures are set by the relevant research community – 
and these will vary from one field to another – editors 
can improve peer review by developing standards and 
publishing guidelines for authors and reviewers.

In developing these standards, a journal could adopt 
those from another journal in the same or closely related 
field, or develop them in consultation with researchers 
who work in that particular field. The guidelines should be 
easy to find on the journal’s website, and ideally authors 
submitting papers and reviewers downloading manuscripts 
should only be able to do so after they have checked a box 
indicating they have read them.

See, for example, the guidelines from The Journal of Cell 
Biology regarding images:

“Image presentation:

… all figures from manuscripts that have received an 
editorial acceptance will be screened for any evidence 
of manipulation. As you prepare your figures, please 
adhere to the following guidelines to accurately present 
your data:

No specific feature within an image may be enhanced, 
obscured, moved, removed, or introduced.

The grouping of images from different parts of the same 
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gel, or from different gels, fields, or exposures must be 
made explicit by the arrangement of the figure (i.e., 
using dividing lines) and in the text of the figure legend. 
If dividing lines are not included, they will be added 
by our production department, and this may result in 
production delays.

Adjustments of brightness, contrast, or color balance 
are acceptable if they are applied to every pixel in the 
image, and as long as they do not obscure, eliminate, or 
misrepresent any information present in the original, 
including the background. Non-linear adjustments (e.g., 
changes to gamma settings) must be disclosed in the 
figure legend.” (From http://jcb.rupress.org/site/misc/
ifora.xhtml)

Authors should be encouraged to show whole gels, not 
just individual bands. If it is necessary to crop or reduce 
the size of images, this is best done after, not before, the 
reviewers have considered the manuscript.

The author guidelines should state that one of the 
conditions for submission is that full sized, high resolution 
files must be provided to the editors upon request, either 
before or after a paper is published.

Although the peer review process provides a good deal 
of quality control, editors who think reviewers will catch all 
the image problems are deluding themselves. Editors and 
publishers must put additional measures in place to help 
ensure high-quality standards for images.

Enforcement: screening to monitor compliance 
Unless images are screened after the reviewers have accepted 
a paper, editors will not know if authors are complying 
with their guidelines, or if reviewers are detecting all 
the problems before they are notified by readers at post-
publication; but then it is too late. By putting quality control 
processes in place after review, but prior to publication, it 
is possible to detect many more problems before they are 
taken up in the literature.

Under Mike Rossner, currently Managing Editor of 
Rockefeller University Press (RUP), the Journal of Cell 
Biology has established screening mechanisms to check 
every figure in all papers approved by the reviewers for 
publication. Rossner found that 25% of papers approved by 
the reviewers and accepted by the Journal of Cell Biology 
need to have at least one figure redone, and that 1% of the 
papers have images modified in a way serious enough to fit 
the definition of scientific misconduct. 

Screening images is an acquired skill, best carried out 
by those familiar with the field and the techniques used 
to generate the data. General image processing software 
(such as Photoshop), or dedicated software, can be helpful 
in revealing details that are otherwise invisible; however, 
no software is sophisticated or thorough enough to allow 
the process to be automated. Where there is doubt, the 
authors should be asked to provide primary data files or 
high-resolution scans of the entire original images.

Common problems
Issues that commonly arise even after the referees have 
approved the final version of the manuscript include:

Inadequate resolution. Typically, 300 dpi is an acceptable 
resolution, but even if this is stated in the author guidelines, 
and the submitted images are nominally of this resolution, 
information may be lost when images are compressed or 
formatted when composing the figure. If pixilation or jpeg 
image artefacts can be seen on a computer screen in a figure 
of publishable size, the authors should be asked to redo it at 
higher resolution.

Invisible background. Sometimes authors alter the 
contrast levels to “clean up” the image, or hide the joins 
between separate images. Where the background is 
invisible, the authors should be asked to redo the figure.

Background uniformity. If the pixels in the background 
of gels and blots all have exactly the same intensity, it is 
likely that the background was computer-generated as a 
grey box.

Contrast too high. Images with no visible background, 
and bands all of the same intensity may indicate an 
excessively increased contrast.

Amount of gel shown. Blots should not be cropped to 
show just a single band or set of bands. If images must be 
cropped due to space constraints, this is better done after 
the referees have seen the larger images.

Cut-off bands. Images should not be cropped to obscure 
a feature. If part of a band is apparent on the margins of 
an image, the figure should be redone with wider margins. 

Discontinuities. Sudden, linear changes in pixel intensity 
should not ordinarily occur, and may indicate where 
separate images have been spliced and joined together.

Image duplications. Duplicate images might be due 
to accidentally inserting the wrong image file. Duplicate 
images that are rotated or mirrored are more likely to 
indicate that the duplications were deliberate. In either 
case, the figure must be redone.

Borders in the right places. Borders drawn around images 
should be checked to see that they correspond with the 
edges of the images.

Labelled molecular mass and magnification. Blots and 
gels should be checked to see that molecular mass is 
marked, and micrographs should be checked to see if the 
magnification or a scale bar is shown. 

Loading controls. Where loading controls are shown, 
they should be consistent with the other parts of the figure. 
Unusual spacing of the lanes, or inconsistent shape of the 
bands might indicate that the loading controls did not 
originate in the same blot. If in doubt, ask the authors to 
provide uncropped images of the experimental and loading 
control blots.

Error bars described. Error bars shown in the figure 
must be described in the figure legend. N, the number 
of independent results, must also be described. Statistics 
should only be shown for independent results, and never for 
replicates that do not address the experimental hypothesis.

Taking remedial action: publishing corrections and 
managing possible misconduct
Editors can be alerted to questionable images, either during 
the review process or after publication. In doing this, it is 
first necessary to determine whether there is indeed a 
problem with the image, or is there a simple explanation 
(such as a scratch on a scanner, or an artefact from software 
compression). In most cases, this will require inspection of 
the primary files used to generate the image. 

Editors can request authors to send copies of the primary 
data files. This is very easy to do; furthermore, compliance 
will be greater if the authors have already agreed to comply 
with such requests as a condition of manuscript submission. 

If the authors refuse to provide the original files, 
the manuscript should be rejected or withdrawn. Once 
supplied, the files should be compared with the assembled 
figures to see if they match. Often, it will be possible after 
inspecting the original files – in cooperation with the 
authors – to dismiss the concerns, replace the images prior 
to publication, or publish corrected figures. When images 
have been manipulated inappropriately, that is, not in 
accordance with the instructions to the authors nor in a 
way that affects interpretation of the data, authors can be 
asked to redo the figures.

If concerns are not resolved, the images will have been 
altered in a way that affects the data interpretation. Or if 
deliberate image falsification or fabrication is suspected, 
it may be necessary for the editors to contact those 
responsible for cases of possible scientific misconduct at 
the host institution (See Chapter 5.1 on dealing with fraud).

It is primarily the host institution’s responsibility to 
carry out investigations to determine whether misconduct 
has occurred, who is responsible, and to set appropriate 
penalties. The key responsibility of the editors is to 
safeguard the integrity of the scientific literature. It is 
therefore essential that corrections are made, and that this 
is done as soon as possible, whether or not the errors were 
deliberate. It is important to publish corrections and link 
them so that those searching the literature will find the 
corrected papers, and not the originals.

If images have been deliberately fabricated or falsified, 
the paper must be retracted. In cases where the outcome of 
an investigation by a host institution is pending, or where 
there is uncertainty, editors can avoid delays by publishing 
an “editorial expression of concern”.

A retraction should be published at the request of 
the authors, or when an investigation determines that 
misconduct has occurred. When corrections are published, 
or papers retracted, a detailed explanation should be 
provided to the readers about why this action was taken.

The Committee on Publication Ethics (COPE)5 provides 
flowcharts that are designed to help editors manage cases 
of suspected misconduct. See also Retraction Watch for a 
discussion on how to handle retractions, along with many 
examples.6 
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