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What'’s in a picture?
The temptation of image manipulation

Mike Rossner' and Kenneth M. Yamada®

'Managing Editor, The Journal of Cell Biology
“Editor, The Journal of Cell Biology, and the National Institute of Dental and Craniofacial Research, National Institutes of Health

1t’s all so easy with Photoshop'. In the
days before imaging software became
so widely available, making adjust-
ments to image data in the darkroom
required considerable effort and/or ex-
pertise. It is now very simple, and thus
tempting, to adjust or modify digital
image files. Many such manipulations,
however, constitute inappropriate
changes to your original data, and
making such changes can be classified
as scientific misconduct. Skilled edito-
rial staff can spot such manipulations
using features in the imaging soft-
ware, so manipulation is also a risky
proposition.

Good science requires reliable data.
Consequently, to protect the integrity
of research, the scientific community
takes strong action against perceived
scientific misconduct. In the current
definition provided by the U.S. gov-
ernment: “Research misconduct is de-
fined as fabrication, falsification, or
plagiarism in proposing, performing,
or reviewing research, or in reporting
research results.” For example, showing
a figure in which part of the image was
either selectively altered or recon-
structed to show something that did
not exist originally (for example, add-
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"The general principles presented here apply to
the manipulation of images using any powerful
image-processing software; however, because of
the popularity of Photoshop, we refer to several
specific functions in this application.
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ing or modifying a band in a polyacryl-
amide gel image) can represent falsifi-
cation or fabrication.

Being accused of misconduct ini-
tiates a painful process that can disrupt
one’s research and career. To avoid
such a situation, it is important to un-
derstand where the ethical lines are
drawn between acceptable and unac-
ceptable image adjustment.

Here we present some general guide-
lines for the proper handling of digital
image data and provide some specific
examples to illustrate pitfalls and inap-
propriate practices. There are different
degrees of severity of a manipulation,
depending on whether the alteration
deliberately changes the interpretation
of the data. That is, creating a result is
worse than making weak data look bet-
ter. Nevertheless, any manipulation
that violates these guidelines is a mis-
representation of the original data and
is a form of misconduct. All of the ex-
amples we will show here have been
created by us using Photoshop; al-
though they may appear bizarre, it is
remarkable that they are actually based
on real cases of digital manipulation
discovered by a careful examination of
digital images in a sample of papers
submitted (or even accepted) for publi-
cation in a journal.

Why is it wrong to “touch up”
images?

If you misrepresent your data, you are
deceiving your colleagues, who expect
and assume basic scientific honesty—
that is, that each image you present is
an accurate representation of what you
actually observed. In addition, an im-
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age usually carries information beyond
the specific point being made. The
quality of an image has implications
about the care with which it was ob-
tained, and a frequent assumption
(though not necessarily true) is that in
order to obtain a presentation-quality
image, you had to carefully repeat an
experiment multiple times.

Manipulating images to make figures
more simple and more convincing may
also deprive you and your colleagues of
seeing other information that is often
hidden in a picture or other primary
data. Well-known examples include ev-
idence of low quantities of other mole-
cules, variations in the pattern of
localization, and interactions or
cooperativity.

Journal guidelines
It is surprising that many journals say
little or nothing in their “Instructions
to Authors” about which types of digi-
tal manipulations are acceptable and
which are not. The following journals
provide some guidelines, but they vary
widely in comprehensiveness.
Molecular and Cellular Biology. “Since
the contents of computer-generated
images can be manipulated for better
clarity, the Publications Board at its
May 1992 meeting decreed that a de-
scription of the software/hardware used
should be put in the figure legend(s).”
Journal of Cell Science. “Tmage en-
hancement with computer software is
acceptable practice, but there is a dan-
ger that it can result in the presentation
of quite unrepresentative data as well as
in the loss of real and meaningful sig-
nals. During manipulation of images, a
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Figure 3. Manipulation of blots: brightness and contrast adjustments. (A) Adjusting the in-
tensity of a single band (arrow). B} Adjustments of contrast. Images 1, 2, and 3 show sequen-
tially more severe adjustments of contrast. Although the adws’rment fmm 1to 2 is accept-
able because it does not obscure any of the bands, the adjustment from 2 to 3 is
unacceptable because several bands are eliminated. Cutting out a strip of a blot with the
contrast adjusted provides the false impression of a very clean result (image 4 was derived
from a heavily adjusted version of the left lane of image 1). For a more detailed discussion
of “gel slicing and dicing,” see Nature Cell Biology editorial (2).
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