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THEDO'S AND DON'TS OF

SCIENTIFICIMAGE EDITING

Acceptable image-editing practices are partly amatter of common sense.
But journals and funders could help by standardizing policies. By Sara Reardon

decade ago, Helena Jambor found

herself struggling to understand the

figuresinthe scientific papers she was

reading during her postdoc.Jambor

was studying how fluorescently
labelled messenger RNA arranges itself
inside embryos of the fruit fly Drosophila
melanogaster and wanted to choose the
images that would most clearly convey her
findings. But she couldn’t find many helpful
guidelines — or even good examples in the
literature. “When you start out, you think
you’re the one who's stupid,” she says. “But
after ten years in science, you realize, okay,
now I'm an expert and I still don’t understand
some of these figures.”
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Jambor, now a biologist and visualization
specialist at the Dresden University of
Technology in Germany, realized that image
presentationwasn’tjustaprobleminherown
field. In 2021, when she and her colleagues
analysed the figures of 580 biology papers
in 15 top journals, they found that most
contained poorly presented images (H.Jambor
et al. PLoS Biol. 19, e3001161; 2021). Many
panels lacked labels or scale bars, and anno-
tation features, such as descriptive text and
arrows, were often missing from the imaged
objects. “Ijust thinkit's sad if someone spends
four years researching an amazing issue and
publishes a paper and then has a figure that
is not fully understandable,” she says. “It will

inevitably reduce the readership.”

Whereas scientists receive extensive
training on how to collect data, less work
goesinto teaching them how to showcase the
information in publications, presentations
and grant applications. For many types of
figure panel, including photomicrographsand
images of gel-based protein assays known as
westernblots, some photo editing is required
to present them clearly. But there’s a fine line
between clarifying and manipulating — as
highlighted by increasing attention given to
scientific misconductin published papers.

Some journals and scientific societies are
now developing guidelines to help researchers
to present their hard-won data well while
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maintaining image integrity. The increased
attention is a good thing, says Elisabeth Bik,
amicrobiologist and full-time image sleuth
in San Francisco, California. “If you put the
effort into those fronts, you can find [both
errors and deliberate manipulations] before
they get published.”

Slippery slope

Many aspects of editing are common sense,
says Jana Christopher, an image-integrity
analyst at the Federation of European
Biochemical Societies, who is based in
Heidelberg, Germany. For instance, it’s OK to
increase the image’s contrast so that a cell or
feature pops out against the background, but
the backgroundstill has to be visible. Altering
brightness or saturation is also acceptable as
long as the modification is applied equally
across thewholeimage. Croppingis fineif the
process doesn’t remove elements that would
changetheinterpretation of theimage — after
all, Christopher notes, selecting a particular
field of view under the microscope s initself
aform of cropping and selective reporting.
“The bottom line is that the images need to
represent accurately what was observed
experimentally,” she says.

Image annotation is essential. Jambor is
shocked by how many photographslack scale
bars, for instance. “People seem to just think
that it’s nice for decoration or something,
butit’s actually essential,” she says, because
biological scales vary widely. “If we blow the
smallest cell up to the size of a ping-pong ball,
thelargest cell,in comparison, is the height of
Mount Everest.”

Accessibility is also often overlooked.
Jambor’s study found that some 20-50% of
biological papers contain at least one figure
thatisn'tunderstandable for people who have
red-green colour blindness, for instance.
Showing coloured fluorescent images side by
side instead of overlaid on one another — and
annotating everything — helpsto alleviate this
problem. So does selecting a different colour
palette or showing theimagesin greyscale. Pop-
ularimage-processing software, such asImagej,
includes tools that check whether images are
suitable for people who are colour-blind.

But as helpful as such programs can be,
the temptation to beautify images can be a
slippery slope. Someresearchers, for instance,
will use editing software, such as Adobe
Photoshop, to ‘clone’ parts of animage and
pastethemonto other sections to coveracrack
or piece of dust in the sample. This calls the
entire paper’sintegrity into question, Bik says:
“We’ll ask questions.”

As experimental technology changes, sodo
standards around the images they capture.
“Withany new technique, you have tocometo
an agreement on what is possible or ethical,”
Bik says. Forinstance,20 years ago it was con-
sidered acceptable to put pieces of different

western blots next to one another and photo-
graphthemas oneimage. Nowadays, Bik says,
this is frowned on and authors are expected
to make it clear when this has been done. The
cardinal rule is to show your work.

Some standards, however, remain constant,
Bik notes. A2004 paper in the Journal of Cell
Biology — published just as tools such as
Photoshop were becoming widely available to
scientists —outlined guidelines that she says are
stillthe gold standard forimage analysis today
(M. Rossner and K. M. Yamada/. Cell Biol. 166,
11-15;2004). For instance, the study’s authors
wrote that researchers shouldn’t selectively
enhance specific features, for example by
adding a black dot in Photoshop to make a
particle more visible, or increase the number
of pixelsbeyond those contained in the original
image, effectively creating new data.

“Datamustbereported directly, notthrough
afilter based on what you think they ‘should’
illustrate to your audience,” the authors
wrote, warning against the “tempting dangers
of digital manipulation”. They added, “Just
because the tools exist to clean up sloppy work
digitally, that is no excuse to do sloppy work.”

“Thebottomlineis thatthe
images need torepresent
accurately what was
observed experimentally.”

What is never OK, Bik says, is treating a
photographasjust anillustration of abroader
concept: mislabelling two images from the
same sample, forinstance, because they seem
to show a difference better than do a sample
andits control. “Theimages are the data,” she
says. In other words, if the experiment isn’t
showing what a scientist expects, they need
toredo the test — or change their hypothesis.

The more you know

Understanding how techniques work is essen-
tial to getting good images in the first place.
Jambor encourages people to ask questions
abouthowtodoso. Specialists cansometimes
overwhelm students with technical details
while glossing over basic information, she
notes. Studentsin her ownvisualization courses
sometimes ask whether it’s OK to change the
coloursinafluorescent microscopy image, for
instance. (It is. The microscope captures data
ingreyscale; artificial colours are added by a
computer.) That’sbecause the instructor never
explained these basic concepts, she says. “The
easiest things, they kind of miss out on.”
Understanding such concepts can help
scientists to avoid major problems later,
Christopher says. With the rise of paper
mills — companies that produce fake data
and manuscripts and submit them to scientific
publications — journals have become savvier

about investigating questionable images.
Post-publication peer-review websites, such
as PubPeer, allow researchers to identify
figures that they suspect might have been
manipulated inappropriately.

Severallarge publishers have set up integrity
departments that employ specialists and use
artificial intelligence (Al) tools to look for
image manipulations. Springer Nature, which
publishes Nature, for example, announced last
year that it was adopting an Al program that
wouldlookfor duplications and otherintegrity
problems in submitted manuscripts and flag
them forahumanto review. (Nature’s editorial
team is independent of its publisher.) When
ajournal’s software flags an image, authors
are given the opportunity to clear up any
discrepancies. However, Christopher notes, Al
tools have alsomadeitmuch harder to detect
manipulations — after all, a researcher could
just submit Al-generated raw data.

Journals can’t do this alone, Christopher
says. “Research institutions and universities
need to step up and make sure to provide
training and mentoring.” In a perfect world,
she says, graduate students would complete
at least a short course to learn about the
dangers of data manipulation, the standards
that journals expect and the existence of sites
suchasPubPeer. “This time of innocence where
‘whateveris published mustbe true’isjust over.”

But not all institutions and small journals
have the means to educate researchers, much
less check every manuscript forimage quality.
Several organizations are therefore develop-
ing further guidelines and attempting to align
the standards that publishers and scientific
societies are expecting researchers to use.
Forinstance, the International Association of
Scientific, Technical and Medical Publishersis
assembling asuite of tools that publishers can
useto check for manipulatedimages. Others,
such as the UK Research Integrity Office and
the non-profit organization Committee on
Publishing Ethics, provide webinars and other
training opportunities for scientists who are
interested in learning more.

Jambor’s own project, PixelQuality, has
brought together more than 150 specialists
to compile guidelines and checklists that
researchers canusetoensure that light micros-
copyimagesinclude essential elements, such
as scale bars, and descriptions of how the
images were acquired and edited. In May,
four Nature Portfolio journals are set to begin
trialling similar checklists developed with help
fromJambor and her colleagues. Thejournals
will survey authors and reviewers for feedback.

Whatever the tool, the goal,Jambor empha-
sizes, istoensurethatyour dataareinthe best
shapepossible. “Thenit’s even fasterto get the
figures correct,” she says.

Sara Reardon is a freelance journalist based in
Bozeman, Montana.
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